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TO DOUBLE THE POWER OF ROXBURGH 


Four AEI waterwheel alternators at the New Zealand Electricity Department's 
Roxburgh Power Station are already feeding 160,000 kW into the South Island 
erid. Four additional sets, to bring the station up to its designed capacity of 
320,000 kW, are now in course of construction. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


HEAVY PLANT DIVISION 





RUGBY AND MANCHESTER, ENGLAND 








In Australia, in Canada, 


in Asia, in America, 


in Europe, in Africa, 





in every continent of the 220-kV small-oil-volume circuit-breakers in Australia 


world, Reyrolle circuit- 


breakers control and 


protect electrical supply 


at every point of the system — 


220-kV smali-oil-volume circuit-breakers in Canada 






—from generation 

at the power-station 
down to local distribution 
in the factory, 

their reliability in service 
has been proved 


under every climatic condition 


Reyrolie 


A. REYROLLE & COMPANY LTD 
HEBBURN - COUNTY DURHAM - ENGLAND 
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Equipment for Hydro-Electric Power Stations 


Valve chamber with rotary slide sphériques 
valves as turbine shut-off 


device in a swiss power station 


DE ROLL 


Louis de Roll, Ironworks Ltd., 
Works at Gerlafingen, Klus, 
Choindez, Rondez, 

Olten, Berne (Switzerland) 
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a 
(Complete barrage installations; gates 
and hoisting equipment, gantry- and 
overhead travelling cranes, trash screen 
cleaning machinery; sluice gates; control 
valves for high pressure conduits; auto- 
matic safety organs for pipe lines; dis- 
charge regulating valves, rotary valves 
with rotary-piston servomotors, needle 
valves, butterfly valves, high pressure 
fittings, piping systems for oil and coo- 
ling water plant; funicular and aerial 
cableways for passenger and goods trans- 
port; building machinery for dam-build- 


ing work. 






@ 


76 

















For many years ESC has been the 
leading supplier of steel forgings 
to many vital industries. 

Forgings in weights up to 175 
tons are manufactured in our 
high quality carbon and alloy 
steels—single piece engineering 
units produced from ingots 


weighing up to 275 tons—and 


other forgings from ingots 


30 cwt. and upwards—for all 


branches of engineering. 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD. 


River Don Works, Sheffield A wholly owned subsidiary of English Steel Corporation Ltd. 


Illustrations show a forging 
operation under a 7,000 ton 
electro-hydraulic press, rough 
machined and black forged steel 
Turbine Shafts, 22° II” long, 

3 8 diameter with 6 2° and 
6 4° diameter couplings— 
weight as forged 111} tons, 
rough machined 70 tons—for a 
modern hydro-electric power 
project. 
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Typical Users of 





Newport News Equipment 














General view of dam at Grand Coulee, built by the Bureau 
of Reclamation, which utilizes 18 Newport News turbines, 
the most powerful ever built. Nine are 150,000 h.p. units, and 
the other nine are rated at 165,000 h.p. each. 


Turbines designed and built for the world’s largest 


ANT LOCATION 
esate “ development at Grand Coulee...and for other 
Boone Tennessee oe Ge ; f ‘ ’ 
Sicttneee Tees hydroelectric installations in America and various parts 
Caonillas Puerto Rico of the world... bespeak the skill and facilities 
Chief Joseph Washington offered by Newport News. 
Clark Hill South Carolina 
Deer Lake Newfoundland This trained organization has filled hydroelectric 
can Gultuete turbine contracts with an aggregate rated output 
Fort Patrick Henry Tennessee 
Riemnae Canine of 7,000,000 horsepower. 
Hoover Nevada . . ; 
\. H. Kerr Virginia Other equipment designed and built by Newport News 
Jim Woodruff Florida includes penstocks, pressure regulators, valves, pumps, 
Lower Salmon Idaho gates and rack rakes. Upon request, a copy of our 
oes Sennen illustrated booklet entitled “WATER POWER 
Rock Creek California ae 
Santee-Cooper South Carolina EQUIPMENT” will be sent to you. 
C. J. Strike Idaho 
Whitney Texas 
- es Newport News 
Engineers . . . Desirable positions avail- SHIPBUILDING AND DRY DOCK COMPANY 
able at Newport News for Designers and — 
Engineers in many categories. Address Newport News, Virginia 
inquiries to Employment Manager 
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Trouble-free 


Light, Power and Communications 


HITACHI 


Electric Wires and Cables / 


Power Cables * Communication Cables + Steel Reinforced 
Aluminium Cables » Magnet Wires * Trolley Wires + Bare 
Copper Wires * Rail Bonds « All other Electric, Copper Wires 


Also available—Insulating Materials 
Varnishes + Varnished Cloth Tapes * Compounds 


Phenolic Resin Products * Mica Plates 


A b.UteL. 


Tokyo Japan 
Cable Address: “HITACHY” TOKYO 
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SALZGITTER MASCHINEN AKTIENGESELLSCH 


lag ‘ SALZGITTER-BAD (Western Germany) 


34 44) telex: samag sgtr 0953 605 YY samas 





if you ave in the 


the standard ‘*FE’’ compressor units 


can be assembled to suit your exact 
requirements for AIR AT LOWER COST 


Ciass ‘‘FE”’ compressors are suitable for 
handling gasses other than air. 








The advantage of standard Consolidated Pneumatic “FE” class compressor A Consolidated Pneumatic four-cylinder, 
four-crank, two-stage, double-acting horizontal 


units is that they can be built up into single or multi-stage installations —_‘balanced-opposed Class FE-42 Compressor. 
. : ‘ This unit requires 650 H.P. and delivers 

giving Outputs up to 5,000c.f.m. or pressures up to 3,000 p.s.i. to suit exact 3600 c.f.m. at 100 p.s.i. working pressure. 
individual requirements, thus giving the most efficient return in terms of air 

delivered for power consumed. And, because the machines consist of 

standard units, the basic engineering cost of the plant as a whole is lower. 

Further, the virtues of the balanced-opposed design of these units are such 

as to effect considerable savings in foundation work, floor space and 

maintenance costs. In every way, “FE” compressors mean air at lower cost. 








MAKERS OF AIR COMPRESSORS AND 480 DIFFERENT MODELS OF POWER TOOLS 


Pe rit Tritt ie Tit as nee aretha nice IR ae A - 


CONSOLIDATED PNEUMATIC TOOL CO LTD -: DAWES ROAD 
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= 
y 3 up to 5000 c.f.m. or 3000 p.s.i. 
le for 
1. The basic Class “FE” crankcase 
‘ and running gear, showing also 
at A Consolidated Pneumatic two-cvlinder, two-crank single- CoAT achieved by using 
\ stage, double-acting, horizontal balanced-opposed engine-type, salient-pole motor. 
‘ Class FE-21 Compressor. This unit requires 250 H.P. and 
. is designed for boosting natural gasses to a pressure of 75 p.s.i. 
‘ 2. Different-size cylinders can be 
J ADVANTAGES OF THE BALANCED-OPPOSED DESIGN : 7 
J fitted, one-, two-, three- or four- 
In the ‘‘FE” compressors, the crankcase and frame stage machines being available. 
are centrally positioned with cylinders on opposing 
sides, the drive being obtained by a double-throw 
crankshaft. The resulting perfect dynamic 
balance makes for far greater compactness and 3. Large outputs are obtained by 
virtual freedom from vibration, space and increasing the number of cylin- 
foundation work being reduced to a minimum. ders and working off a common 
Also, the considerably smaller load imposed on crankshaft. 
main bearings, together with slow operating speed, 
ital ensure an extremely long life of continuous 
operation with very little maintenance. 
This form will bring you a descriptive catalogue on Class ‘‘FE”’ 
Compressors, but if you would like advice on a projected plant, your 
E — ‘ enquiry can be dealt with more expeditiously if the following 
or further information complete | information can be provided: 
this form and pin it to your letter 
heading. 
1, Output required in cubic feet per 
minute at intake pressure and 
temperature. 
2. Intake temperature and humidity. — 
3. Intake pressure. 
4, Discharge pressure, woe 
5. Type of drive motor, voltage, etc. fsainaesail 
" 6. Temperature of cooling water and 
type of cooling circuit. , sitetaanapall 
7. Aftercooler, if required, and tem- 
perature of air at discharge from 
SN. «= i ——iCiCi*(ié«é#dmmfsinciitihtnib santana = 
agi CEE SS SS LS SS 8. Purpose for which compressor is 
to be used. si 
, : 
WATER POWER April 1959 



















have been built by Breco engineers all over the world. 
Ropeways and Cableways answer a thousand problems 


where time and money count. 


&% Pm = Cc oO the Big name behind the Big ropeways 


ROPEWAYS CABLEWAYS 
British Ropeway Engineering Co. Ltd., Plantation House, 





member of 


Mincing Lane, London, E.C.3. ’Phone: MINcing Lane 7901. the 


Glover Group 


Telegraphic Address: Boxhauling, Fen, London. 
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Emergency gate, 3.05 x 6.59 m, for 
the turbine and irrigation tunnels of 
Dokan Dam, Iraq. Gate suspended 
from 160-ton crest crane. Max. water 
head 95 metres. 





M-A’Ri 
HYDRAULIC STRUCTURES 


MASCHINENFABRIK AUGSBURG-NURNBERG AG GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 
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Vertical-Shaft 
Hydro Power Alternators 

















Photo: TKW 


A 35,000-kVA vertical-shaft generator, 375 r.p.m., in the 
power-house of the new Schwarzach Generating Station of 
Tauernkraftwerke A.G., Salzburg. Four such generators are 
being supplied by ELIN. The air-to-water heat exchangers of 
the generator cooling system are arranged for feeding the hot 
water heating system in the generating station. 


AKTIENGESELLSCHAFT FUR 
il il ELEKTRISCHE INDUSTRIE 
VIENNA . AUSTRIA 
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ALLIS-CHALMERS ACQUIRES 
S. MORGAN SMITH 
-- FORMS NEW 


HYDRAULIC 


DIVISION 





On February 1, the S. Morgan Smith 
Company became a part of Allis- 
Chalmers. Extensive A-C facilities 
in Milwaukee, together with two S. 
Morgan Smith plants in York, Penn- 
sylvania, are now operating as the 
newly created Allis-Chalmers 
Hydraulic Division. 


In acquiring S. Morgan Smith, A-C 
combines its own broad background 
in hydraulics with the 80 years of 
diversified engineering and manufac- 
turing knowledge of SMS. 


The York facilities wiil be devoted 
to the continued research, design, en- 
gineering and fabrication of a com- 
plete line of hydraulic turbines and 
accessories, pumps and pump-tur- 
bines, valves for industrial, water- 
works and power applications, and 
specialized heavy equipment. 


Product information or engineer- 
ing help can be obtained from your 
nearby Allis-Chalmers office, or by 
writing Allis-Chalmers, Hydraulic 
Division, York, Pennsylvania. 


HYDRAULIC DIVISION 


HYDRODYNAMICS 


Rotovaives + Ball Valves ¢ R-S Butterfly Valves « 


RESEARCH : DESIGN 


ENGINEERING 


Free-Discharge Valves 


FABRICATION 


e Liquid Heaters * Pumps 


ALLIS-CHALMERS 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC 
EQUIPMENT 
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CAP DE LONG: Self-hooped penstock for the 

Pragnéres Power Station, in the Pyrénées. 
Head 1,252 metres, Flow 14,6 cu.m./sec. 

Diameter 2.25 to 1.60 metres, Power 200,000 H.P. 


GRANGENT DAM on the Loire 
One of the four Crest Gates, Sector Gate Type 
(12°5 m. x 14:4 m.) during erection. 


ETABTS: BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 
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RRANTI 


Ferranti Ltd. have been awarded a contract by the 
Power Authority of the State of New York to supply 
thirteen generator transformers for the Lewiston 
Power Station of the Niagara Power Project situated 
on the plateau on the Niagara River about 3 miles 
below the Falls in the town of Lewiston. 

The contract covers six 180,000 kVA, 13.2/240 kV 
3-phase transformers and seven 180,000 kVA, 
13.2/120 kV 3-phase transformers. They will be of the 
forced-oil, forced-water cooled, inert gas-filled type 
and each will be directly coupled to a 167,000 kVA 
3-phase generator. 

Believed to be the largest transformer contract so far 
placed in Britaim by the U.S.A., delivery will 
commence in the middle of 1959 and will be completed 
by the end of 1960. 








FT 216/2 
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WATER GONTROL GATES 


for 

RIVER CONTROL 
WATER SUPPLY 
POWER PLANTS 
IRRIGATION 

LOCKS AND DOCKS 


RapieR Sluice Gates are at both ends of 
the Spalding Flood Relief Channel, River 
Welland. Illustration shows one of the 
three tidal flap gates at the Marsh Road 
end. Each gate is 30 feet span by 18 feet 
deep to pass flood waters and prevent 
tidal waters entering the channel. 

Three RapieR wheel gates, éach 30 feet 
span by 19 feet deep are at the Cowbit 


Road end of the channel. 
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RANSOMES & RAPIER LTD. IPSWICH. 








BAILEY BRIDGES THE GAP... .. 
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PHOTO. BY COURTESY : THE DEPARTMENT 


7 LAKE! memon OF HiIGHWAYS—ONTARIO. 














The Bailey Bridge—550 ft. long 


a Sy nIGAy pawn —across the Mattagami River, is 


just one of the many in constant 









xs ZN 


pan, 
f HURON \ 


é TORONTO 
g 
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t Canada Highway. 
1. STEEL RIVER. 2. FRENCH RIVER. 3. LITTLE PIC RIVER. 
4. KAPUSKANG RIVER. 5. MATTAGAMI RIVER. 


S PAN N | N G Fy VE ee j VERS ON Full information on this or 
7 . . , any other project requiring 
Bailey Bridging is readily 


HIGHWAY II ONTARIO, CANADA essisie. rom 





use by a large volume of traffic on 






LAKE CREAR Highway II—part of the Trans- 























PHOS.STORSRT (ngincers HPD» 


WORLD LICENSEES FOR THE MANUFACTURE AND SALE OF BAILEY BRIDGING 
PATENTEES AND MANUFACTURERS OF STOREY UNIFLOTES 


STOCKPORT & LONDON ENGLAND 


ENQUIRIES TO LONDON SALES OFFICE: 6 VICTORIA STREET - WESTMINSTER SW! 
TELEPHONE: ABBEY 7391-2 TELEGRAM: MICROFAB SOWEST LONDON CABLES: MICROFAB LONDON 





— 
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| FACTORY 
EQUIPMENT 
EXHIBITION 


EARLS COURT 
APRIL 7—17, 1959 








SEE OUR EXHIBIT 


STAND No. A4 


Fabricated 





Platework 


by 


PIPEWORK 


We can supply low pressure Steam, 
Gas and Water Mains and high 
pressure welded unlined Water 
Piping. We also specialise in bends 
of large diameter pipes and branch 
pipes of complicated. design. , 











Ree 










to 


Your 
DUCTS — 


Ducts of rectangular design 
for power stations or boiler houses, 
of electrically-welded construction in 

Mild or Special Steels or Aluminium Alloy, can also be supplied. 
They are accurately fabricated to suit your exact requirements. 


specification 





W. G. ALLEN & SONS (TIPTON) LTD. P. O. BOX 4 + TIPTON -: STAFFS 


Telephone; TIPTON 1266 
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Francis Turbines are suitable for a wide range of falls. 
The illustration on the right shows a typical machine 
mounted in a spiral case. The case is accurately 
designed to guide the water towards the runner at the 
correct velocity and angle to give maximum power at 
the shaft. Details of our standard range of turbines will 
be sent on request. 


ARMFIELD 


HYDRAULIC ENGINEERING CO. LTD. 


RINGWOOD . HAMPSHIRE . ENGLAND 


Telephone: RINGWOOD 760 
Telegrams: HYDRAULICS, RING WOOD 


WATER POWER 


April 


1959 









savigliano 






260 kV class 


transformers 


Pe 





societa 
nazionale . 
delle officine 7 
di 
savigliano 
corso mortara 4 
torino (italy) 





electromechanical constructions 
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le marinel 


BELGIUM CONGO 
FOUR 89 500 HP VERTICAL-SHAFT FRANCIS TURBINES 


operating at 333 r.p.m. under a 179m. head 


hydraulic turbines 


equipment of large dams and 
hydro-electric power plants 


equipment of irrigation networks 
drilling turbines 

hydraulic couplings 

hydraulic Measuring instruments 


experimental and theoretical 
research and studies 


GREEN GEE PARIS XVI° 
Avenue de Beauvert 5 Rue Bellin 
TELEPHONE 44.55.80 TELEPHONE. PAS 51-09 
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Penstocks for 
Hydro-Electric Power Stations 


Study, planning, design and erection 


of complete: 


open-laid and trench-laid pipe lines 
pipe lines in tunnels , 


lined pressure shafts, 
surge tanks, etc. 


pipe lines for irrigation and 
drinking-water supplies 


distribution piping 


%, 
>> 





Branch pipe with Sulzer stiffening collar 


Sulzer Brothers Limited, 


Winterthur, Switzerland 


Sulzer Bros. (London) Ltd., 
31, Bedford Square, London, W.C.1 












; £ 
Twin pipe line in Switzerland for ¢ 
service pressure of 1,600 Ib./sq.ithn 
in the course of erection 
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-%. FOUR 40,000 HP. 
“)* FRANCIS TURBINES 










COSTRUZIONT MECCANICHE RIV! 


-VIA STENDHAL 34 “ MILANO ITALY # 





) HP. 
BINES 


1370 kW. 


2960 kW 


The Finnish icebreaker ‘‘Voima”’ (4,415 tons dis- 
placement) has propellers both fore and aft. She 
is powered by six direct-coupled diesel-electric 
units supplying current to her four driving 
motors, which can develop 10,500 H.P. 

The “‘ Voima”’ has proved so successful under very 
severe ice conditions that three similar vessels have 
since been built—and the electrical machinery 
insulated with M & I materials. 
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These are the electrical insulating materials 
manufactured and supplied by M & I for the 
**Voima’”’ and her three sister ships :— 
PAXOLIN synthetic resin-bonded paper and 
fabric sheets—MOULDING MICANITE for com- 
mutator rings, etc. —WOVEN GLASS TAPE— 
COMMUTATOR MICANITE for segment separa- 
tors — GLASS SLEEVINGS — MICAFOLIUM — 
MICANITE PAPER—MICA SILK TAPE. 





Sj 
building a prototype? 


Better see us about the castings. Our design staff understand 
both sides of the problem. They know every aspect of 
foundry practice and they’re sound engineers in their own right 
too. They can translate your exact specification into a cast 
form entirely free from structural fault. The rest is up 


to our metallurgists and foundry engineers. 





Their aim is quality and accuracy and they hit the 
mark every time. Birkett, Billington and 
Newton’s technical teamwork can tackle 


all your problems—and solve them. 


CASTINGS FROM A FEW 
OUNCES TO 10 TONS..- 


in phosphor-bronze, gun-metal, aluminium-bronze, 
manganese-bronze and light alloys. Precision 
machined bushes and bearings. Specialists in h‘gh- 
tensile aluminium-bronze castings, centrifugal-cast 
wheel blanks, shell moulded castings and chill-cast 
rods and tubes. Continuous cast phosphor-bronze 
bars up to !2 ft. lengths. 





NON-FERROUS CASTINGS. HIGH DUTY IRON CASTINGS 
PRECISION MACHINED BUSHES AND BEARINGS 


T. M. BIRKETT, BILLINGTON & NEWTON LTD 


HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Staffs 51433/4. 


1959 4. 
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for pressure conduits 


Needle valve 
0.8m |.D. 








Rotary valve 
2.1m 1.D. 





Hydraulic and mechanical drives 


of the most modern design 


Butterfly valve 
3.3m |.D. 


I MVOITH AG, ST.POELTEN 
Intechnical cooperation with 
Messrs. J. M. VOITH G. m. b. H., Heidenheim/Brenz 














“IMVOITH Ac = :  PIKDAUL:) 


St. Poelten, P.O.B. 168 teletype Ol 510 cables Voithwerk St. Pdelten 




















South America’s largest Kaplan turbines 


to be delivered by a‘ O rm A B.... 


( r) da = * 
7 i 44324, . 
- +4 . oP fae 6«E! a>. 





Shown here is one 
of the gate 
operating 
mechanisms for 
the Rincon de 
Baygorria Power 
Station, at the 
NOHAB works, 
Trollhattan, 
Sweden. 


The three Kaplan turbines for the DATA: Head 14.7 m. (48 ft. 2in.). Rated 


Rincon de Baygorria Power Station, 


output per turbine 49,500 HP. Speed 


situated on the Rio Negro, Uruguay, P 
79 t.p.m. Diameter of the runner 6.7 m. 


are now under construction in our 


shops. (22 ft.) 


NOHAB ENTRUSTED WITH DELIVERY OF TURBINES FOR THE 
FURNAS POWER STATION, BRAZIL. In the face of keen competition 
between all the most known turbine manufacturers in the world, NOHAB 
recently received the order for four Francis turbines to the Furnas Power 
Station. These turbines will have a max. output of approx. 225,000 HP each, 
under a net head of 98.7 m (323 ft. 11 in.). They will be similar to those 
turbines already delivered to the Swedish State Power Board for their Storn- 
orrfors Power Station. 


NYDQVIST & HOLM AKTIEBOLAG 


TROLLHATTAN, SWEDEN - Cables: NOHAB - Telex: 5284 - Telephone: 18000 
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Insulators 
Nippon Gaishi Baisha, 


MIZUHO NAGOYA JAPAN 
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24 800 HP Francis Rusner of fhe Rio 
Lempa Power Station in_ El Salvador 

shown in our Turbine Erection Hall 
Bell builds Water Turbines of all types 
and sizes, Penstocks, Towers forTrans 
mission Lines. Power House Cranes 


Bell Engineering Works Ltd 
Kriens / Lucerne’ “switzeriand 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance, 




















HUGH wooo & co. LTD. 


ndustriali and Export Office 


Heod Office and Factories 


GATESHEAD -ON TYNE, OYAL LONDON HOUSE, FINSBURY SQUARE, LONDON, E.C.2 


+ 
Huwoad, Gateshead Telephone . Low Fell ns - Huwood Stock, London. Telephone : Monarch 3273 (4 lines 
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ASYNCHRONOUS 
HYDRO-ELECTRIC UNITS 


for all heads and outputs 


Suitable for remote controlled or fully automatic instal- 
lations, the water turbine driven induction generator 
provides a simple and economic source of power for 
operation in conjunction with conventional synchronous 
plant. 

Gilkes specialise in the manufacture of asynchronous 
hydro-electric plant and have a wide experience in the 


design of all types of unit. 


Above: 

A 48kW induction generator driven 
by a 7! horsepower GILKES Francis 
turbine. This unit is installed in the 
Lochay Fish Pass, part of the North 
of Scotland Hydro-Electric Board's 
Breadalbane Scheme. 


Right: 

The North of Scotland Hydro-Electric 
Board's Mullardoch underground 
power station, Glen Affric. This con- 
tains a 3,600 horsepower, vertical 
shaft GILKES Francis turbine driving 
a 2,400kW Bruce Peebles induction 
generator through a speed increasing 


gear unit. 


GILBERT GILKES & GORDON LTD 


WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 Telephone: HOLBORN 3231 6.99 
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Doulton heavy duty Post Insulators are in use in all parts of the World for 
isolating switches and busbar supports. The photograph shows 

one of the many installations in New South Wales, Australia, for which 
over 2,000 units were supplied to the Electricity Commission. 





Photograph by courtesy of the Electricity Commission of New South Wales. 


@ pouton INDUSTRIAL PORCELAINS LIMITED 


ROYAL DOULTON POTTERIES WILNECOTE + TAMWORTH -: STAFFS 
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A/S STROMMENS VAERKSTED 


Announce that the John Inglis Company Ltd. have ordered three 
stainless steel Francis Runners for English Electric turbines 























: Strommens Verksted 


STROMMEN per OSLO, NORWAY 





(Steel makers for over half a century and specialists in the stainless and 
carbon steel production of hydro-electric and water turbine castings) 


U.K. Representative 


John Burnham, 
Essex Hall, Essex Street, 
Strand, W.C.2. 


Tel: COVent Garden 1425 





—_——. 
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IELD VALVES 


for Turbine Intakes 


SLUICE 
VALVES 


Sluice Valves are a Glenfield specialty, and can be 
supplied from a wide range of types for an equally wide 
range of pressures for isolation and other purposes at 
turbine intakes. 

Illustrated above, is an 18 in. dia. electrically driven 
oval-bodied unit of cast-iron for a head of 150 ft. in 
Assegai Power Station, South Africa; and, alongside, a 
26 in. dia. hydraulically operated follower-ring valve of 


cast-steel for a head of 3,080 ft. at Pykara Power Station, 


India. 











| CIEE) & KENNEDY. LIMITED. KILMARNOCK ] 





Head Office & Works: KILMARNOCK, SCOTLAND 
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Cemented with frozen mud, the beaver’s 

lodge shelters him from the elements and 

his many enemies. The lower chamber, 

entered from underwater, is his ‘dining 

room, while above it, the sleeping space 

is lined with cedarwood shavings or 
peeled twigs. 


. \ Give the beaver a valley, a stream 
} 


and enough trees and there’s no limit 

to the efforts he’ll make. Dams a thou- 

sand feet long containing as many tons 

of material. holding back ‘ponds’ 

thousands of acres in extent—canals, stretching 

for hundreds of yards to a particular stand of tim- 

ber—two-storey ‘houses’ sometimes forty feet in 

diameter—a strange and wonderful ‘civilisation’ 

flourishing where once the forest stood unchal- 
lenged. 

On an infinitely greater scale but with the same 
inexhaustible energy and aptitude for the job we 
are creating the mechanism of modern life in places 
which for centuries have withstood the encroach- 
ment of man. Like the beaver, we are eager to build 
—and the wilderness is a challenge to be met and 


conquered. 
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MITCHELL GONSTRUCTIO 





SSS _ IKE" 


BUILDING & CIVIL ENGINEERING CONTRACTORS 
THE MITCHELL CONSTRUCTION COMPANY LTD. 


WHARF WORKS PETERBOROUGH 
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TWO TIPS FOR 
FASTER DRILLING 





VICTOR tungsten carbide tipped percussive bits 


Victor 


The name to look for in percussive drilling 


VICTOR PRODUCTS (WALLSEND) LTD., 
WALLSEND-ON-TYNE, 
ENGLAND. 





Telephone : WALLSEND 6833! (6 lines) Telegrams : “ VICTOR,” WALLSEND Cables: “ VICTOR,” WALLSEND, ENGLAND 
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AZIENDA ELETTRICA MUNICIPALE, MILANO (ITALY) 


GROSIO WATER POWER STATION 
NORTH ITALY 


107,000 kW. vertical axis, PELTON units 
complete with accessories 


Features of Rotary Valves 
— Inside diameter: 5’ 6” 
— Working pressure: 850 Ib./sq. in. 
— Weight: 230,000 Ib. each. 











This picture shows a completely assembled Rotary Valve during its final machining stage 


FRANCO TOSI S.p.a x LEGNANO Sars 
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ELECTRICAL 
EQUIPMENT 





















CIRCUIT BREAKERS, 
INSTRUMENTS, 
TRANSFORMERS, 
ISOLATING SWITCHES, 
BUSHING INSULATORS, 
CONTROL DESKS AND PANELS, 
SWITCHBOARDS, 

FOR MEDIUM, HIGH AND 
ULTRA-HIGH VOLTAGES 


OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Di BATTAGLIA TERME SpA 


For offers and details please enquire to: 
OFFICINE ELETTROMECCANICHE GALILEO - SERVIZIO COMMERCIO ESTERO - MILANO, VIA LARGA 26 
C1 T ALY) PHONE: 877.895 - GRAMS: ELETTROGA - Mii ANO y 









































65381M 


Alternators. Transformers. High and low voltage Switchgear. Electric Traction Equipment. Rectifiers. 
Steam Turbines and Compressors * Branch Offices and Representatives throughout the world. 


Oerlikon Engineering Company @ Zurich 50 (Switzerland) 
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.’ LEFFEL BUILDS ©. The low net head of 68 ft. at the Pleasant FE 

° ™ Valley Power Plant near Los Angeles ot 

. . ired the desi d construction b a 
: GIANT ". Lali af @ gieut, hecievatal spice! cogs 1 
Na * turbine unit. This turbine, rated to develop wa 
-HORIZONTAL TURBINE .; 3.520 HP. under the net head of 68 ft : 
. * at a speed of 257 R.P.M., drives a hori- it 
A . tal generator. A common shaft carri tt 
¥* F 0 R “ sei ante rotor and the share 7 

° l . A synch by- = 
PLEASANT VALLEY: atows adjustment of tow for both turbine | 3 

" i. et : and by-pass discharge to meet water pas- = 
Dede waxes sage requirements. Photographs here Rs 

show this giant turbine in various stages a 


of production at the modern Leffel plant. ie 
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Leffel has the technical know-how and KS 
modern plant facilities to design and con- iw 
struct efficient, economical, rugged tur- ue 
bines of most types and capacities. And wm 
Leffel provides fast, complete service. Be 
Field engineers are available to assist you = 
in the original planning of your project, tS 
and to help you with the actual installa- “se 
tion of your turbine. ver 

If you’re planning a new project, or the ee 
rehabilitation or expansion of old facil- wn 


ities, and you want fast, complete service, 
contact Leffel, producers of top perform- 
ing turbines. Mail the coupon below, 
today, for complete information. 


LEFFEL HELPS YOU PRODUCE MORE 
POWER FOR PROGRESS 


1102-E 


SSCHHSSSSSSHSSSSSSSSSSSSSSSSOHSSSSEHSHESSSSESESEEEESEES 
. 


FREE LITERATURE 1105-E 


THE JAMES LEFFEL & COMPANY 
DEPT. W, SPRINGFIELD, OHIO, U.S.A. 


C] Please send me more information on Leffel hydraulic turbines. 


[] Please have your representative call 
Name___ aii aimee — ao 


Compony > anaanaidiniieataalgai 


| 
| 
; 


MORE EFFICIENT HYDRAULIC 
POWER FOR 97 YEARS Street 








a City State 
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Wherever 11-kV supply is needed, THERE is the place for BV 







Switchgear. 
It can be installed as a single unit, or in line with existing metalclad 


switchgear of similar rating, or with oil or fuse-switches. The circuit- 






breaker is mounted on a truck, which is interchangeable with those of 
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Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROyisden 1301 (Pce.Branch Ex) 

LONDON OFFICE : 33. Grosvenor Place. S.\W.1. BIRMINGHAM OFFICE : Windsor House, 656 Chester Road. Erdington, 23 GLASGOW OFFICE : Central Chambers, 109 Hope Sereet, C.? 
REPRESENTED IN PRINCIPAL OVERSCAS TERRITORIES 
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Penstocks, pressure shafts linings, 









Substation steel structures 
Gantry and overhead travelling cranes 


Pylons, water gates 





Downstream portion of the Grande Dixence Fionnay Power Station distribution pipe during ten- 


sometric shop tests. Max. wall thickness 52 mm., service pressure 96 at., test pressure 121 at. 


GIOVANOLA sroniey-swiczeron 
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NILE BARRAGE IDFINA 
56 double-leaf gates for 26‘3” 
clear width and 23’ height of damming 





RHEINSTAHL 


BRUCKENBAU AG. 


In the field of hydro-engineering we design and manufacture: 


id Sluice gates of all types for dams and weir plants, including mechanical equipment, 
safety gates — lock gates — ship lifts — penstocks for hydraulic: power plants. 








RHEINSTAHL UNION BRUCKENBAU AG. - DORTMUND, WESTERN GERMANY 
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a’ 


if 


‘, Post Insulators 
were used for the 


New South Wales 
Public Works Department for 
Burrinjuck Sub-Station. 


i a 


Pa 
( 


The Burrinjuck 132 kV Switching Station was equipped with Cylindrical Post 
Insulators type P.703. This is one of many stations on the New South Wales Public Works 
Department system equipped throughout with S.P.P. Post Insulators for 110 kV and 66 kV. 





STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire. Telephone: Stourport 2271 Telegrams: Steatain, Stourport 
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The Largest Vertical 


Jrcito 


‘6 Turbine 
in Norway is 
a KMW Turbine 
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In the last half of 1958 the first of the Both the turbines are equipped with the 
two Pelton Turbines ordered from KMW ASEA-KMW system of electro-hydraulic 
by the Hjartddola Power Station in Norway governing. Impulses from the electronic 
was put into operation; the second unit | regulator are converted into mechanical 
will be put into service shortly. The motion in the electro-hydraulic actuator. 
turbine has a nominal output of 71,000 | This motion is transmitted via a separate 
H.P. at 555 m (1,820 ft.) net head and servomotor to the deflectors and the 
428 r.p.m. control valves of the needle servomotors, 


which are linked by a _ conventional 
system of cams to provide the correct 


combination of controls. 


This is the first time that an ASEA- 
KMW electro-hydraulic actuator has been 
used for a Pelton turbine. When the first 
unit was started up and put into service, 
the regulating system operated perfectly 
without any adjustment. Alterations in 


speed when throwing-off load were very 





small and the return to normal revolu- 





tions was remarkably quick. 


AB KARLSTADS MEKANISKA WERKSTAD 
Karlstad - Sweden 


Representatives in Canada: A. Johnson & Co. (Canada) Ltd., 
607 Shell Tower Building, Montreal 2. 
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BROWN 
BOVERE 


Brown Boveri 
Power Line Carrier Channels 


are an ideal means of communication 





for electricity undertakings. 


All over the world they are in use with 
telephone, teleprinter, telemetering and 
regulation systems; also transmitting 
signals for the remote control of sub- 
stations and generating plant, and for 
intertripping schemes using high-speed 
distance protection relays. 





Representatives in most countries 


BROWN, BOVERI & CO., LTD., BADEN 
SWITZERLAND 
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Soc. Idroelettrica Alto Chiese Cimego 
Hydro - Electric Power Station. Two 
110,000 kVA horizontal shaft alternators 
13,800 V. — 50 cycles — 300 r.p.m. — 
PD? 4,400 tm? — each weighing 650 
tons — coupled to 150,000 H.P. Pelton 


turbine. 




















ERCOLE MARELLI & C. - S.p. A. 


MILANO 
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YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 


THORNHILL, DEWSBURY, YORKS., ENGLAND 
Tel: Dewsbury 1691-2 Grams: Transforma, Dewsbury 





MACHKUND ‘ INDIA 


6 High Pressure Penstocks, Head 260 m., length of each Penstock 
500 m., total weight 2°950 metr. tons, 1600/1450 mm. int. dia. 
plate-thicknesses 11-32 mm., delivered and erected 1956-58 by 











FERRUM MONTAGE A/S 


OSLO + NORWAY 








DESIGN ° SUPPLY ° ERECTION 
Pipelines complete with accessories 
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The Voith Hydraulic Research Laboratories provide ideal test facilities 
for turbines, pumps and hydraulic steel structure equipment 





cs 

+ Be 9730 
Aerial view of ‘* Hermaringen’”’ 
Hydraulic Research Laboratory 
(Bertram-Luftbild. Munchen-Riem, No. 6/4) 


“‘Hermaringen” Hydraulic Research Laboratory: 

160 cusecs are available under 19 ft. head for testing low-head turbine models of large dimensions. 
In both laboratories numerous test stands are provided for varied testing and research work. For full 
particulars, see our publication ‘‘ Voith Forschung und Konstruktion,”’ Vol. 4. 


“Brunnenmuhle” Hydraulic Research Laboratory: 


About 7 cusecs of clear spring water under 6 ft. head or 35,000 cusecs of water from a high-level 
reservoir under 328 ft. head are available for investigating all types of turbines, shut-off valves, 
weirs and pumps. A separate cavitation test stand, allowing variaton of the suction head at constant 
totai head, and aerodynamic test stands complete our most modern testing facilities. 

DEUTSCHE INDUSTRIEMESSE HANOVER - GERMANY - VOITH-STAND | 

IM PARKGELANDE SUDEINGANG HALLE 3 (APRIL 26— MAY 5) 
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NOW manufactured in Britain 


COCKBURN-ROCKWELL 


HEAVY-DUTY 


BUTTERFLY-VALVES 


including WAFER-DESIGNS 


Rockwell Heavy Duty Butterfly Valves are now 
manufactured under licence in Britain by Cockburns 


of Cardonald 


These Valves provide wedge-tight shut off for steam, 
gas or fluid at pressure differential up to 150 p.s.i. 


@ Positive Control for a wide range of applications. 
@ Easy installation with small face-to-face dimen- 
sions. 
@ Low first cost. 
@ Wide range of operating mechanisms. 
rn meade of any metal with any lining, for any 
weléssure,.temperature and flow con- 


=~ 
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IN 
BRITISH COLUMBIA 


BICC transmission equipment plays a 
large part in the development programme 
being carried out by the British 
Columbia Electric Company. Twenty- 
eight miles of BICC 230kV single-core 
oil-filled cable have been supplied for 
a transmission network from Kidd 
Substation on the north arm of the 
Fraser River to distribution points in 
Greater Vancouver. Another major 
dollar earning contract for BICC 


and Britain. 


OIL-FILLED 
power cables 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1 


Branches and Agents throughout the World 
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A technical journal devoted to the study of 
all aspects of hydro-electric development 






LTHOUGH the word “helicopter” is now a com- 
mon and widely-used term, the sight of a weird 
machine hovering in flight is still sufficiently 
novel to attract the casual observer. It is also prob- 
ably still a novelty to the average hydro-electric engi- 
neer and it is doubtful if he always fully appreciates the 
many applications it can have in his specialised field. 

On many occasions in the past, we have mentioned 
the part that the “chopper” can play in reducing ex- 
penditure in time and labour for such diverse activities 
as surveys, river gauging and transport of personnel 
and materials. It has, for instance, been used to good 
advantage in Tasmania, where surveyors were taken 
to the summit of Mount Wedge to erect a beacon and 
were returned to the base at Butler’s Gorge a few 
hours later, an operation that would have taken four 
men at least a month by more conventional transport. 
Helicopters also flew geologists to many sites on the 
King, Franklin and Gordon rivers and civil engineers 
were taken to inspect possible sites for dams along no 
less than four river valleys in the same area. 

Another unusual application was the combination 
of a helicopter and a tension wire stringer for the 
stringing of 230-MCM ACSR conductors over Decep- 
tion Pass, a 2,000 ft. channel of extremely fast tidal 
current and short ebb tide, and for a 2,250 ft. span 
across Cornet Bay, both on Puget Sound. 

In initial survey work, too, helicopters have resulted 
in great economies. Isolated territory can be opened 
up quickly by transporting survey teams to base 
camps established at key points throughout an area, 
and, in one instance, at the Killin development in 
Scotland, it was estimated that some ten weeks of 
valuable time and labour were saved in this way. 

Another interesting example has been the aerial in- 
spection of transmission lines, particularly in France 
and Canada, where great distances have been covered 
at a cruising speed of about 30 m.p.h., thus enabling 
the linesman to verify not only the condition of the 
lines and insulators, but also the paintwork and struc- 
ture of the upper parts of towers normally invisible 
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The Sky Hook 


from the ground. Despite the limited range and the 
problem of refuelling in sufficient quantity at the right 
time and place, the helicopter has here again proved 
a very useful tool. Geophysical surveying has pro- 
vided further scope; although it is more general to 
use a fixed-wing plane, an electromagnetometer can 
be towed by a helicopter fitted with an external aerial 
which forms a primary transmitting coil and operates 
in conjunction with a compensating coil mounted 
above the fuselage. When the magnetic field created 
encounters a conducting body in the earth, a second- 
ary field is produced and this is picked up by a detec- 
tor coil in the magnetometer cylinder. The phase shift 
between the primary and secondary fields is recorded 
and this provides a measure of the conductivity of any 
deposit encountered. 

Field telephone and other cables can be laid quickly 
by the helicopter in open country or over bush, scrub 
or trees and, with suitable equipment, the line can be 
picked up by the crew so that faults can be traced and 
faulty sections repaired and tested while the machine 
hovers overhead. It has almost inexhautible uses as a 
flying crane for hoisting goods and freight, both from 
and to points on land and from the holds of ships 
lying off shore for lack of dock facilities. 

In New Zealand, a helicopter has been used to de- 
liver transmission towers and cable into a three-mile 
section of virgin country near the town of Kaikoura. 
where a 33 kV transmission line is being constructed 
to give the town a connection with the South Island 
power system. The machine has carried 43 ft. high 
steel tower sections, together with drums of line, from 
a base camp up to elevations of 1,000 ft. Every load 
of 500 Ib. was placed precisely on the site of each 
tower and a total of 24 complete structures has been 
delivered by air. At the Kitimat-Kemano develop- 
ment in Canada, helicopters were used for the trans- 
port of men and materials because no other form of 
transport was practicable. 

A familiar sight around the shores of Great Britain 
is the distinctive yellow-painted fuselage of machines 
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used by the coastal air-sea rescue service which has 
saved an increasing number of lives during recent 
years. There are very many instances where they have 
been used as air-ambulances, for cases of injury at 
isolated civil-engineering sites, for the rescue of moun- 
taineers in trouble, and for other errands of mercy 
under adverse conditions. 

Future development in aircraft can only enhance 
their value to engineers. In 1954, the “flying bedstead” 
proved that vertical take-off by a jet-engined machine 
was possible and much progress has been made since 
then. We can therefore anticipate the eventual use of 
vertical-lift planes as carriers of much heavier equip- 
ment than the largest helicopters can now accommo- 
date, and perhaps one day the enthusiastic airborne 
technician will be immune to the vagaries of climate 
and altitude. 

The helicopter is by no means cheap, but can be 
economic if the advantages it offers are exploited to 
the maximum. An overland expedition for three people 
might, for instance, progress at a rate of only 15 
miles per day. but the same journey made by helicop- 
ter could advance at least 320 miles per day of four 
flying hours, with adequate rest periods for personnel 
and a degree of comfort rarely equalled by overland 
transport. The initial high cost can thus be justified. 
and the comparative figures might well prove to be 
lower than for other means of conveyance, particu- 
larly when one considers the increasingly common 
practice of hiring machines for specific duties from a 
specialised helicopter-operating company, complete 
with the requisite personnel. 


Turbines for Furnas 


THE NOHAB company (Nydqvist & Holm Aktie- 
bolag, Trollhattan, Sweden) have received an order 
in open competition for four large turbines from 
Central Elétricas de Furnas S.A., Brazil, for the 
Furnas development, which was described in our 
November 1958 issue. The turbines will have a maxi- 
mum output of approximately 225,000 h.p. under a 
net head of 98-7 m. They will be similar to those 
NOHAB have delivered to The Swedish State Power 
Board for their Stornorrfors power station. The Fur- 
nas turbines will be somewhat smaller in physical 
dimensions but due to the higher head their output 
will be larger. 

Ultimately the power station will be provided with 
eight units and the first unit is scheduled to be taken 
into service during the first half of 1962. The order 
for the initial four turbines represents a value of 
approximately 12,000,000 Swedish crowns (£827,500). 


Northern Canada Power Commission 


THE annual report for the fiscal year ended March 
31, 1958, has now been published. Since its inception, 
the Commission has acquired and operated two diesel 
and two hydro-electric generating plants. A_ third 
hydro-electric development at Whitehorse Rapids 
was started in November 1956 and, by the end of the 
year under review, all major equipment was either at 
the site or en route; erection of the turbines was under 
way and contracts for installation of the sluiceway 
gates and electrical gear had been awarded. While no 
major construction difficulties were encountered at 
Whitehorse Rapids, the rock downstream from the 
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spillway proved to be of less good quality than had 
been expected and it was found necessary to construct 
an extensive concrete apron. 

The Commission is empowered to construct and 
operate public utility plants in the Northwest Terri- 
tories and Yukon Territory and, subject to the ap- 
proval of the Governor General-in-Council, in any 
other part of Canada. Projects undertaken by the 
Commission must be self-supporting and thus the 
rates charged for utilities supplied must provide suf- 
ficient revenue to cover interest on investment, repay- 
ment of principal over a period of years, operating 
and maintenance expenses, and the setting up of a 
contingency reserve. The Commission is, conse- 
quently, a Federal Government Agency concerned 
with the construction and management of public 
utilities on a commercial basis. 


Cook Strait Cable 


THE New Zealand Government has decided to call 
for an independent investigation of the Cook Strait 
cable project, and has retained the British firm of con- 
sulting engineers Messrs. Preece, Cardew and Rider. 
Mr. F. J. Lane, a partner in the firm, is conducting 
the investigation. ‘ 


Power Loan in Colombia 


Tue World Bank has approved a loan of $4°6 
million for a project to increase the supply of electric 
power to Manizales, the centre of Colombia’s coffee 
trade, and neighbouring towns. The project. by pro- 
viding 26,600 kW of new generating capacity. will 
more than double present capacity, in an area where 
industrial and commercial growth has been hampered 
by a shortage of electricity. 

The loan was made to the Central Hidroelectrica 
de Caldas, Ltda. (CHEC). This corporation, owned 
by national and local government agencies, supplies 
power in the Department of Caldas. he Corporation 
initiated the development of the hydro-electric poten- 
tial of the Chinchina and Campoalegre rivers by con- 
structing the 16,000 kW La Insula power plant, for 
which the World Bank made a loan of $2°6 million 
in 1950. 

The project for which the new loan was made is the 
second stage of this development and consists of the 
construction at La Esmeralda of a 26,600 kW power 
plant with associated substations and 76 miles of 
transmission lines, and the rehabilitation and expan- 
sion of the distribution systems in several towns. 

Estimates show that from mid-1959 until the La 
Esmeralda plant comes into operation in mid-1961. 
CHEC will have no reserve capacity, and rationing 
will be necessary. Even the additional power from La 
Esmeralda will be absorbed by 1963 or 1964. To 
avoid or mitigate the rationing of power during the 
1959-61 period. CHEC is now studying possible ways 
of increasing its generating capacity before the new 
plant comes into operation. CHEC also plans to com- 
plete by about 1964 the third and final stage of the 
utilisation of the waters of the Chinchina and Cam- 
poalegre river basins, by the construction of what will 
be known as the San Francisco power project. 

The total cost of the La Esmeralda project is esti- 
mated at the equivalent of $6-9 million. The Bank’s 
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loan will cover the foreign exchange requirements 
and CHEC will meet the local currency costs from 
its own resources. Contracts for the power plant and 
most of the transmission lines and substations have 
already been awarded on the basis of international 
bidding. Other imported equipment still to be pur- 
chased will be procured on the same basis. 

The Bank’s loan is for a term of 20 years and bears 
interest of 53%. including the 1% commission which 
is allocated to the Bank’s Special Reserve. Amortisa- 
tion will begin in November 1962. The loan is guaran- 
teed by the Government of Colombia. 


New Hydro Project for Nigeria 


HE Electricity Corporation of Nigeria has com- 
missioned Balfour, Beatty and Co. Ltd. to investigate 
the river Niger in the vicinity of Jebba with a view 
to the construction of a hydro-electric project in the 
near future. Reporting this, Barclays Bank D.C.O. 
states that the project is in anticipation of Nigeria’s 
need to develop secondary industries for which a 
plentiful supply of cheap electric power is necessary. 

Sales of electric current in Nigeria for the nine 
months ended December 31. 1958, amounted to 
182,110,000 kWh, producing an income of £2,789,000. 
Figures for the corresponding period of the previous 
year were 141,686,000 kWh and £2.251,000 income. 
This represents a growth, by comparison with the 
corresponding period of the previous year, of 28°5% 
in terms of units and 23-9% in terms of income. 


Megdora River, Greece 


WO French companies, the Omnium Lyonnais 
and the Société Commerciale Technique et Indus- 
trielle (Cotier), are collaborating in the construction 
of a hydro-electric scheme on the Megdora River in 
Thessaly. When completed, this development will be 
the largest of its kind in Greece. 

The dam will be 246 ft. high and the reservoir 
capacity will be about 105,000 million gallons. The 
first of three 40,000 kW units is expected to start oper- 
ating in 1960, some four years after work originally 
began on the site. Apart from the generation of power, 
the scheme will regulate irrigation over the 24,700 
acres of the Thessaly Plains. 


New South Wales 330 kV Transmission 
System 


THE N.S.W. Electricity Commission expects to 
receive power from the first of the major Snowy 
Mountains stations on the Tumut River before the 
next Australian winter. A new transmission line is 
now being strung on steel towers up the steep slopes 
of the Brindabella Range, and will link the Snowy 
Mountains Authority’s switching station at Cabra- 
murra with the N.S.W. grid at Yass, 85 miles away. It 
will be placed in service’ this year at 330 kV—the 
highest operating voltage in Australia. 

The 330 kV transmission system will eventually be 
extended to form a continuous chain from Cabra- 
murra in the south to Armidale in the north-west— 
a distance of 535 miles. A similar system will extend 
from the Snowy Mountains to Victoria. 

In N.S.W., sections of the new transmission system 
are already in operation at lower voltages between 
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Yass and Dapto and between Muawellbrook and 
Tamworth. The Sydney to Lake Macquarie section 
recently bridged the difficult crossing of the Hawkes- 
bury River in a single span of more than 4,000 ft. 
It will be placed in service early this year, and tenders 
will be called for the construction of the Dapto- 
Sydney section. An outer ring of 330 kV distribution 
points will progressively be established around the 
Sydney Metropolitan area. 


El Salvador Power Loan 


THE World Bank has approved a loan of $3 million 
for the expansion of electric power facilities in El 
Salvador. The loan will help the Comision Ejecutiva 
Hidroelectrica del Rio Lempa (CEL) to install a 
fourth 15 MW unit at the Rio Lempa plant and to 
construct a new high-voltage transmission line from 
San Salvador, the capital, to Santa Ana. El Salvador’s 
second largest city, a distance of 60 km. The expan- 
sion now being undertaken will enable CEL to meet 
the expected demand for power until early 1963. 


Electrifying Ruanda-Urundi 


THE first hydro-electric generator has just been put 
into operation in the Bukavi station, initiating a new 
phase in the electrification of Ruanda-Urundi. This 
set, which is of ACEC (Belgium) manufacture, con- 
sists of a Kaplan turbine running at 250 r.p.m. under 
a 68 ft. head, and driving an 8,400 kVA, 6,600 V, 
0:75 p.f. alternator. The alternator is provided with 
“thermalastic” insulation. A second set is due for com- 
missioning shortly, and the station is designed for an 
ultimate doubling of the capacity of this first stage. 
The control gear is also of ACEC manufacture. 


Loch Shin 


THE North of Scotland Hydro-Electric Board have 
brought into commercial operation the first and most 
important sections of their Loch Shin scheme—the 
3,500 kW Lairg power station and the 24,000 kW Shin 
Power station near Inveran. These two power stations 
will have an annual output of 113 million units of 
electricity. They both make use of the water from 
Loch Shin which is controlled by a dam across the 
narrows west of Lairg. Incorporated in the structure 
of this dam is the Lairg power station. 

The water discharged from this station passes into 
what may now be called Little Loch Shin, the water 
level of which is maintained by a dam across the 
River Shin. From the lower dam, the water is diverted 
through a tunnel to the main station at Inveran near 
the mouth of the River Shin. The Shin power station 
has two 12,000 kW sets which will produce 103 mil- 
lion units of electricity per annum. 

At the diversion dam the installation of a small 
turbine is nearly completed. This compensation set 
will produce 100 kW and is of particular interest be- 
cause it is enclosed in a tubular casing, one of the 
first in this country. 

The Cassley works, which are are a further section 
of the scheme and which will have a power station at 
the western end of Loch Shin, are still under construc- 
tion. When completed later this year, this station will 
have a capacity of 10,000 kW. 

The civil engineering consultants for the Shin 
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scheme are Sir Murdoch MacDonald & Partners, the 
electrical and mechanical consultants are Messrs. 
Kennedy & Donkin, and the architects for the Shin 
and Lairg stations are Messrs. Shearer & Annand. 
The main civil engineering contractors in the Shin and 
Lairg sections are George Wimpey & Co. Ltd., and 
the generating plant was manufactured by Bruce 
Peebles & Co. Ltd., and Boving & Co. Ltd. 


Grouting at Rocky Reach 


A VERY large foundation grouting project has been 
undertaken by Selby Drilling Corporation, a sub- 
sidiary of Morrison-Knudsen Company Incorporated, 
at Rocky Reach dam, a new hydro-electric develop- 
ment being built on the Columbia river near 
Wenatchee, Washington. 

The work involves construction of a grout curtain, 
or cut-off wall, extending nearly 2,000 ft. along the 
eastern abutment where a layer of pervious gravel 
would allow seepage of river water. The curtain will 
reach downwards from 60 to 185 ft. beneath the bed 
of a trench that has been excavated along the site. 


Correspondence 


Bolted Angle Struts 
To the Editor, WATER POWER 

I am grateful to Mr. A. E. Percivall for his com- 
ments on my article, “Bolted Angle Struts.” It is well 
known that the fact that a transmission tower can 
be tested full-scale has resulted in an economical 
well-designed structure. No transmission-tower de- 
signer would think of working to stresses allowed by 
the standard codes. The basis on which the code pro- 
visions stand has been shown in the article, and 
empirical methods of design based on experience 
result in a lighter structure. 

So far as I know, most transmission-tower designers 
use tables of crippling stresses against values of //r, 
where r=least radius of gyration and /=effective 
length assumed by judgment of the type of end 
restraint. Formulae of the type 


A . l 
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4 B*r’ 
are often used for the crippling stress. Working loads 
are multiplied by a load factor (1-9, for example), 
and equated to the crippling load. 

The difficulty in the interpretation of tests is that 
the tower has been designed for many combinations 
and arrangements of loadings (wind on one side or 
the other, wires broken, etc.) but it can be tested to 
destruction for only one such loading condition (after, 
of course, proof-loading for other combinations of 
loads). Indeed, the test set-up is often only an approxi- 
mation to the design loading arrangement because of 
the difficulty of applying loads at enough points. The 
test thus gives an approximation to the load factor 
(ultimate load divided by design load) for one loading 
arrangement. As Mr. Percivall states, this may not be 
greatly in excess of the load factor assumed in design. 
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More than 1,000,000 cu. ft. of grout may be required 
before the work is completed, and to satisfy this de- 
mand a special batching, mixing and pumping plant 
has been installed which is capable of feeding 600 cu. 
ft. per hour of grout through a network of pipes serv- 
ing the entire site. 


Roxburgh to be Completed 


PLans have been made for the completion of New 
Zealand’s Roxburgh power station, and the prelimin- 
ary work for the installation of the final four genera- 
tors and their turbines is starting immediately. 
Duplication of the four machines already installed 
will bring the station to its designed installed capacity 
of 320 MW. The generators and turbines are already 
under construction overseas. The fifth generator is 
scheduled to begin producing power early in 1961. It 
will be followed by No. 6 about the middle of the 
year, and it is planned to bring No. 7 into operation 
about the end of the year. The last, No. 8, is expected 
to be running early in 1962. 


The fact remains that usually only a few members 
fail, and the remainder are not harmed. The question 
arises: are they not harmed because their strength was 
not needed for this loading arrangement but would 
be --needed for some other loading arrangement 
designed for; or can they be lightened? The overall 
test cannot answer this question. Stress curves in use 
have been built up from test experience with various 
allowances for end-fixing conditions, but in order to 
achieve further economy, a more fundamental under- 
standing of the behaviour of a strut as built into a 
structure is required. 

For lower //r values, there may be considerable 
reserve of strength in a strut after some portion of 
it has yielded, and the behaviour in the elasto-plastic 
range will be of considerable interest to the designer, 
once information is available. 

I do not understand the meaning of the term “safe 
ultimate load without permanent deformation.” The 
ultimate load is the maximum load a structure can 
carry. Division by some load factor gives the safe load. 
it is desirable to keep the working load below the 
safe load, and the usual load factors result in no per- 
manent deformation at working loads (though for 
some structures this has to be checked carefully). The 
load factor may be specified, and if this is so, the 
important problem ot choosing the load factor is 
not met. 

I regret that I did not distinguish between high- 
tensile bolts and high-tensile friction-grip bolts. The 
behaviour of friction-grip bolts once some slip has 
taken place is not well established, and much more 
research is needed. However, by using bolts ten- 
sioned by a standard torque it is possible to obtain 
a more consistent end connection which will both 
carry more load and offer more restraint. With the 
end connection better controlled. more research 
should establish basic information on the behaviour 
of an angle strut. 

M. GREGORY. 


Civil Engineering Department, 
University of Tasmania, 
Hobart. 
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Cavitation in Turbomachines 


Head effects in cavitation model testing are discussed 
by G. ZIEGLER, Anstalt fiir Str6mungsmaschinen, 
Graz-Andritz, Austria 


Incipient Cavitation 
N some recent experiments using venturis or stream- 
lined bodies of revolution, cavitation was found to 
start only at pressures actually below vapour pres- 

sure!» *. This ‘“‘delay’’ of cavitation seems to be 
caused by a lack of tiny air bubbles serving as nuclei 
for steam-bubble formation. The shorter the time 
available for bubble formation, i.e. the higher the 
speed of flow for a given size of body, the more nuclei 
will be necessary to ensure the onset of cavitation over 
the whole of the low-pressure area and at the vapour 
pressure precisely. 

If the lack of a definite cavitation pressure so ob- 
served were generally experienced, the value of cavita- 
tion model tests would be doubtful, or at least 
intricate corrections would have to be applied. 

Fortunately, in present industrial turbine-testing 
installations, a lack of nuclei is hardly to be expected; 
on the contrary, expensive precautions are necessary 
to avoid their excess. In a closed circuit under high 
static suction head, excess nuclei may result in the release 
of air over the whole of the low-pressure zones of 
the draft tube, thus preventing visual observation of 
runner cavitation phenomena and making measure- 
ments impossible. High test heads on the one hand 
and resorbers on the other, are applied to reduce 
difficulties of this kind. Under high test heads, low 
ao values can be obtained by means of moderate 
static suction heads Hs; (Fig. 1) which are unlikely to 
cause much air separation in the draft tube. In 
efficient resorbers, air bubbles from the tail-water will 
be absorbed before re-entering the turbine. 

Extraordinary conditions reg- 
arding the content of free nuclei 
and dissolved air may be obtained 
by a particular plant layout or 
testing technique and result in 
“delayed”’ cavitation. Neverthe- 
less, the writer believes that prac- 
tically all industrial turbine test 
stands can be relied upon to work 
with sufficient nuclei to ensure 
the inception of cavitation at vap- 
Our pressure exactly and so prov- 





is therefore of great interest. Of the different forms 
of cavitation known, two particular cases which 
seem significant and convenient for simple math- 
ematical treatment will be considered. 

The single travelling cavity. If, for instance, the low- 
pressure peak at the suction side of a Kaplan runner 
equals vapour pressure, tiny bubbles will appear over 
a very short cavitation zone, provided that sufficient 
nuclei are present. As soon as the pressure is lowered 
further, pressures lower than vapour pressure favour 
the growth of larger bubbles, while the distance be- 
tween bubble origin and collapse increases with de- 
creasing o value. Growth and collapse of these bubbles 
(bubbles are assumed to be spherical) are controlled 
by evaporation, condensation, surface tension, boun- 
dary-layer effects, and by the equilibrium between 
pressure and inertia forces. The differential equation 
for the pressure-inertia equilibrium was established by 
Lord Rayleigh in 1917*: 

ng wie 4 52 (5) 
g dt? 2g\dt 
where 
4p t) = pressure difference between bubble centre 
(i.e. vapour pressure) and bubble surroundings, 
as a function of time. 
y = specific gravity of water. 


g = gravity. 
R = bubble radius. 
t = time. 


So long as the bubbles are few and small, the form 
of pressure distribution around the runner-blade 





ide reliable o values for incipient 
cavitation. 


Developed Cavitation , 

In modern hydro-electric plants 
a certain degree of cavitation is 
usually accepted at overload. The 
relation between visible developed 
cavitation on a model and on a 
full-sized turbine, operating under 
identical specific conditions and 
o values, but with different heads, 


head; (right) 
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Fig. I (left). Path of water 
particle through turbine. H, 
static suction, H, barometric 
Schematic 
pressure distribution for incipient cavitation at high head (full line, 
subscript 1) and low head (broken line, subscript 2). Hayn regain of 
dynamic pressure, H, vapour pressure, H, static suction 
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section remains practically the same as for non- 
cavitating flow. By means of high-speed photography, 
however. Prof. R. T. Knapp has proved that the 
Rayleigh equation is sufficient to control the life 
history of the bubble almost completely, other effects 
being of secondary importance‘. 

To find the influence of head and size on bubble 
growth and collapse, the Rayleigh equation is applied 
to a turbine operating at a o value which for do 
is lower than the inception value oinc. 


o Sinc. — 4a 
y ?R  3y(dR 
A . bot ee 
Pw g° - dt® 22 | dt 


R can be related to turbine diameter D by R=«D. 
t is related to the time D/1/(2gH), i.e. the time a 
water particle with the velocity \/(2gH) requires to 
pass through the distance D, by means of t =—8B 
D/(\/(2gH), where H is the total turbine head. 

From dR/dt = \/(2gH)(d«/d8) and d?R/d?* 
(2¢H/D)(d?«/d8*) we obtain: 


‘oan nl 
Api = 2yHa Te, 3yH (7 
It is evident from Fig. 2 that 4p = Apw can also 
be expressed by 4p Apwjp. We can write 
Ap = 4o.H.y.fiejp, where f=90 for x/D=0, 
f=1 for the pressure minimum and f=0 for 
x/D = L/D, L being the length of the zone below 
vapour pressure. Finally, we have 
l ; dx . 3 (dx«\* 
= Aofi. eee, bs (ap te 
3 OV iD) = % Fp 3 (a 


This is the Rayleigh equation in a non-dimensional 
form, the total head H and turbine diameter D 
having been eliminated. Relative size, location of the 
biggest bubble diameter and of the bubble collapse 
are therefore independent of the absolute size of the 
turbine and test head and are controlled by o and the 
form of pressure distribution /(x/D) alone. 

Comparing developed cavitation of this type under 
different heads, particles travel for a longer period of 
time in the zone below vapour pressure at low turbine 
head, but negative pressure peaks are less intensive. 
This results in geometric similitude of visible cavi- 
tation phenomena under different heads. 

Growth of numerous bubbles and formation of cavita- 
tion zones filled by a mixture of steam, gas, and water. 
In contrast to a small spherical cavity travelling 
with few and distant neighbours, in a pressure distri- 
bution practically identical with that of non-cavitating 
flow, cavities in an advanced stage of cavitation may 
fill a considerable part of the cross-section of flow 
available in turbomachines. In consequence, the non- 
cavitating flow-pressure distribution may be distorted 
considerably, particularly by the collapse of the 
bubbles. 

Ackeret has investigated this type of cavitation flow 
in a venturi®, Fig. 3. Application of the law of 
momentum gives numerical results for pressure 
distribution as well as for cavity length, as a function 
of downstream pressure. Results were presented in 
non-dimensional form, from which it is evident that 
for this type of cavitation flow the length of the cavita- 
tion zone is also controlled by geometry and the o 
value alone, absolute values of head and size having 
no influence. 
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Fig. 2. Schematic pressure distribution for developed 
cavitation. ©=Cine— Qo for high head (full line, 
subscript 1) and low head (broken line, subscript 2) 
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Fig. 3. Steady cavitation in a venturi. Pressure distri- 

bution calculated as a function of downstream pres- 

sure. (1) For non-cavitating flow, (2) for the cavity as 
shown, (3) for still lower downstream pressure 


Developed cavitation in turbomachines, apart from 
vortex cavitation will, in many cases, represent an 
intermediate type between the two forms of cavitation 
mentioned. Both extreme forms are influenced by ¢ 
and geometry alone, and are independent of absolute 
head and turbine diameter. Therefore the “‘in-be- 
tweens” can be expected to obey a similar law. 

Practical comparisons that have been published of 
model and full-sized plant cavitation are few and far 
between®. The variation of head alone may represent 
an indication of a more complex kind of problem, or 
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Fig. 4. Kaplan runner operated at low Ku, (Ku,=u¥ 2gh, u=circumferential speed 
of blade tip); ©=1-05; Fig. 4a (left), H=3-64 m.; Fig. 4b (right), H=21-64 m. 


Fig. 5. Kaplan runner operated at medium Ku,; o=0-75; Fig. 5a, H=4:75 m.; 
Fig. 5b, H=21-20 ma. 
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o=0°54, Fig. 6a, H=4-76 


it may provide reliable information concerning the 
choice of test head for cavitation model tests. 

For hydrofoils in a cavitation tunnel, Numachi 
has found the relations o lift, o drag/lift, o drag 
practically uninfluenced by test head’. For a given oa, 
zones of visible cavitation at some angles of incidence 
were not influenced by test head, and at others only 
slightly; there was a tendency towards larger zones of 
visible cavitation at high heads. 

Figs. 4 to 6 were taken on a model Kaplan runner 
to show the influence of test head on visible cavitation 
for a given o value. Fig. 4 shows cavitation at a low 
value Ku,. This means operation in the range of high 
lift coefficients which are accompanied by intensive 
low-pressure peaks at the inlet edge of the blade. 
ao = 1-05 for both pictures. Cavitation at H = 3-64 m 
(Fig. 4a) and H = 21-64m (Fig. 4b) looks very 
much alike. 

Figs. 5 and 6 correspond to another point of 
turbine operation, at medium Ku,. o = 0-75 for 
Fig. 5 and 0-54 for Fig. 6. Figs. Sa taken at 
H =4-75m and 5é taken at H = 21-:20m are very 
much alike again. Tip-clearance cavitation in Figs. 4b 
and 56d is slightly more intensive than in Figs. 4a and 
5a. This does not seem to be a particular cavitation 
head effect, but a clearance-flow step-up effect which 
would also take place in non-cavitating flow as 
described by Strscheletzky*. Fig. 6 shows a very ad- 
vanced stage of cavitation. Although visible cavitation 
phenomena are similar in detail, cavitation zones 
under high test head (Fig. 66, H = 21-01 m) are 
markedly larger than under low test head (Fig. 6a, 
H = 4-76 m). 
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Fig. 6. Kaplan runner under specific conditions as in Fig. 5; 





m.; Fig. 6b, H=21-01 m. 


Conclusions 

The layout and operation of present-day industrial 
turbine-testing installations seem to ensure the onset 
of cavitation precisely at vapour pressure, thus 
providing reliable results for full-size plant. 

From theoretical considerations, no influence of 
head and turbine diameter on visible cavitation can 
be expected. For the variation of head alone this is 
confirmed by photographs of cavitation in a model 
Kaplan runner at test heads of about 4 and 22 m. 
Very advanced cavitation seems more marked under 
high test head for a given o value. 

It may be concluded that the testing of model water 
turbines is not bound to a particular test head to en- 
sure similitude of visible cavitation, but the use of 
high test heads does seem to suggest a more cautious 
testing procedure. If test results are applied to low- 
head turbines of considerable diameter, the difference 
of static suction head of, for instance, the blade inlet 
and outlet must be considered. In the layout and 
operation of the testing plant, the head can be chosen 
on the basis of considerations other than cavitation 
similitude, as, for instance, model size, pump input, 
maximum allowable static suction head, as outlined 
by Gerber’. 

It is not the purpose of this study to achieve final 
and generally binding results, but to start a discussion 
on this topic. Further contributions from other 
laboratories and, above all, publication of detailed 
comparative studies between model and full-sized 
plant will be required in order to solve this complex 
problem. 

(Continued on page 144) 
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Fig. 1. The Picote development. Extreme left, inclined rope railways; lower centre, workshop building and 


auxiliary discharge; top right centre, control building and transformer substation; right, dam and tailrace 
discharge openings 


Picote Station 


This 180 MW development on the International Douro 
is Portugal’s latest station to come into service, and 
embodies some unique features of design 


PART ONE 


HE development of an international watercourse 

poses many problems, both political and tech- 

nical, that do not arise in the case of a native 
river. Nevertheless, the technical problem resolves 
itself into that of apportioning the liabilities and the 
benefits of the development fairly between the coun- 
tries concerned, and where the necessary political 
goodwill exists, the technical issues can usually be 
resolved harmoniously. 

An example of amicable international collabora- 
tion of this kind is afforded by the river Douro 
(Fig. 3), which rises in the Urbién range in Span and 
flows into the Atlantic Ocean at Oporto in Portugal. 
Over a course of more than 850 km. it falls 1,700 m., 
and its catchment area of 97,000 sq. km. is larger than 
that of the whole of Portugal. For a distance of about 
100 km. it forms the frontier between Spain and 
Portugal, after which it crosses Portugal in a westerly 
direction, forming the main artery of the famous 
Port-wine country of which Oporto is the capital city. 

In contrast to the luxuriance of the vine country 
the international stretch of the Douro passes through 
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bleak mountainous terrain. granitic in structure, in 
which the river has cut a deep gorge with nearly 
vertical sides. In view of the imperviousness of the 
catchment and the sparseness of the vegetal cover it 
is Only to be expected that the river is characterised 
by sudden heavy floods, which have been known to 
reach 26,000 cu. m. per sec. towards the mouth. 

An agreemeni for the mutual exploitation of the 
international stretch of the Douro was concluded be- 
tween the two countries as long ago as August 11, 
1927. The total fall of 402 m. is divided roughly in 
half by the river Tormes, a tributary flowing in from 
the Spanish side, and it was agreed that Portugal 
should be free to develop the upstream section and 
Spain the downstream section. To avoid interference 
with the operation of each other’s stations the devel- 
opments were to be on a run-of-river basis, and pro- 
visions were included for passing agreed minimum 
flows downstream irrespective of the operation of the 
stations passing the flow. 

As far as Portugal is concerned these provisions 
involve the passing of sufficient flow through the 
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Fig. 2. Gorge of the International Douro looking downstream from Picote dam site 
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upper international section to maintain the operation 
of two stations, Aldeadavila and Saucelle, in the 
Spanish section immediately downstream, but on the 
other hand the Portuguese section benefits from the 
regulation afforded by three stations immediately up- 
stream in Spain—Villal Campo and Castro on the 
main watercourse, and Ricobayo on a right-bank 
tributary, the Esla. Spain, in turn, will have to oper- 
ate the Aldeadavila and Saucelle stations so as to 
safeguard the flow to four future stations—Pocinho, 
Valeira, Regua and Carrapatelo—on the Portuguese 
Douro. 

The Douro basin has an economic significance to 
Portugal far greater than we can discuss in this article, 
rs but the power potentialities alone are sufficiently 
, Striking. When fully developed, the Portuguese 
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Fig. 3. Map and profile diagram of the Douro catchment 






















section of the international Douro is expected to con- 
tribute 2,650 GWh per annum and the Portuguese 
Douro 2,280 GWh—a total of 4,930 GWh, which 
does not take into account the abundant possibilities 
of certain of its tributaries. Seeing that the total 
electricity production, both hydro-electric and ther- 
mal, in Portugal for 1956 was 2,176 GWh, the im- 
portance of this basin to the Portuguese power 
economy is evident. So much is this the case that on 
June 29, 1954, the Portuguese Government set up a 
private organisation—Hidro-Eléctrica do Douro—to 
be entrusted with the development of the power 
resources of the river. 

This organisation decided to develop the Portu- 
guese section of the International Doure in three 
stages; reading from upstream these were to be 
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Fig. 4. General plan of the Picote dam and power station 


Miranda (57:5 m. head), Picote (74 m. head before sion tunnel had been driven and excavation of the 
the completion of Bemposta and 69 m. afterwards) machine hall was commencing; Bemposta was still in 
and Bemposta (59 m. head). When we visited the — the project stage. 

section, Picote station, which forms the subject of this 

article, was in an advanced stage of construction and The Picote Development 

is now in full operation; at Miranda station the diver- Picote station will draw upon a catchment area of 
63,200 sq. km. at a mean elevation 
of 890 m. and receiving an average 
annual precipitation of 577 mm. 
The average annual flow at Picote 
is 311 cu. m. per sec.; the maxi- 
mum flood registered was 7,200 
cu. m. in 1909, and the minimum 
recorded flow 34 cu. m. per sec. in 
1945. As is normal with Portu- 
guese rivers, the region is charac- 
terised by very low summer flows 
and heavy winter floods. 

The need to cope with these 
floods. together with the require- 
ment to maintain an agreed flow 
to the stations in the Spanish sec- 
tion, naturally influenced the 
hydraulic design of the scheme 
Fig. 5. Hydraulic circuit of Picote station It was decided to create 4 
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weekly-storage reservoir at a retention level of 471 
m. having a total storage of 63 million cu. m. and 
a live storage of 13 million cu. m. Spillway capacity 
has been provided to pass a flood of 10,400 cu. m. 
per sec., at which the reservoir level is 478 m. In 
addition an intermediate discharge has been included 
having a capacity of 600 cu. m. per sec., which func- 
tions automatically when the reservoir is full and can 
also be remote operated from the control room. 

The narrow, deep valley cut in excellent granite 
obviously favoured the adoption of a double-curva- 
ture arch dam, but this very configuration also raised 
the acute problem of disposing of heavy floods in a 
confined space without endangering the dam struc- 
ture. This led to an original design of dam in which 
a ski-jump spillway adjoins the downstream face of 
the dam but is structurally separate from it. The 
intermediate discharge, also, leads to an open channel 
alongside the dam, having an upturned end and 
directed to throw a jet upwards and towards the 
centre of the river bed. 

But perhaps the most ingenious feature in the 
design is the method of disposing of the discharge 
from the underground power house, which is located 
in the right bank alongside the dam. To have deliv- 
ered this discharge far enough downstream to be 
unaffected by a heavy discharge over the spillway 
would have involved an unduly long tailrace tunnel. 
and the idea was conceived of delivering it under- 
neath the spillway apron. This not only kept the 
length of the tailrace tunnel to the minimum but took 
advantage of a recuperation of head due to discharge 
into a region of quiet water subjected to the suction 
induced by the spillway discharge. The arrangement 
will be clear from Fig. 5. which is a developed section 
through the hydraulic circuit. It will be noticed that 
although the tailrace tunnel is drowned. no surge 
chamber has been deemed necessary. 

Model tests on the dam. both for strength and for 
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Fig. 8. Towers of the three Henderson cableways 
used for placing the dam concrete 


hydraulic performance, were carried out at the 
National Civil Engineering Laboratory at Lisbon and 
the final design established. 

The general layout of the development will be 
gathered from Fig. 4. Advantage has been taken of 
a bay-shaped recess in the right wall of the valley to 
locate the intake structure, which controls three pen- 
stock tunnels. one for each of the three machines 
installed. 

The underground machine hall has two access 
shafts. The larger, which is used for handling heavy 
pieces of equipment, communicates with a workshop 
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Fig. 7. Longitudinal and cross sections through the diversion tunnel 
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Fig. 9. The upstream cofferdam in course of construction 


Fig. 11. Base of the 





downstream cofferdam after dewatering 
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building located on the right bank 
downstream of the dam at an 
elevation of 437 m. and served by 
an access road. This shaft is ellip- 
tical in section, 10 m. in major 
diameter, and is served by a 35 
ton crane in the surface building 
The other shaft carries a stairway, 
a lift for passengers and light 
goods, and the machine busbars 
and control cables, and communi- 
cates with a three-storey control 
building on a levelled piece of 
ground near the crest of the dam 
at an elevation of 480 m. Adjacent 
to this building are the cubicles 
for the main transformers, but in 
order to avoid excessive excava- 
tion on this precipitous site the 
switching station has been placed 
towards the crest of the hill and 
connected to the transformers by 
overhead lines. 


The Construction Programme 

The construction programme 
presented problems that were only 
overcome by intensive organisa- 
tion. In the first place, the locality 
was relatively uninhabited, and a 
temporary township had to be 
built up to accommodate some 
4,000 people. This involved the 
provision of shops, post office, 
bakery, guest house, hostel. hos- 
pital, church, school, bathing pool, 
recreation grounds, water-treat- 
ment plant, a certain number of 
permanent houses and a consider- 
able amount of temporary accom- 
modation. There will eventually 
be some return on this expendi- 
ture, however, because as work 
draws to a conclusion at Picote 
the personnel and the temporary 
accommodation will be trans- 
ferred successively to Miranda. 

Power for construction purposes 
and for lighting and heating the 
township is purchased from Spain 
and handled in a transformer sub- 
station comprising four transfor- 
mers with an aggregate capacity 
of 5.100 kVA; 700 kVA of re- 
serve diesel generating capacity is 
also installed. 

The second problem was the 
magnitude of the operations to be 
carried out on a very confined. 
precipitous site. In the open, the 
work called for about 290.000 cu. 
m. of excavation and 250,000 cu 
m. of concreting, of which the 
dam represented 205,000 cu. m. 
underground, 145,000 cu. m. had 
to be excavated and 50,000 cu 
m. of concrete placed. 
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Fortunately the spoil from the 
excavations, being of sound gran- 
its, formed an excellent aggregate. 
and as will be noted from the 
foregoing figures, was adequate in 
quantity, and equipment was pro- 
vided to handle it expeditiously. 
The mobile equipment included 
two 2 cu. yard excavators, six 
caterpillar-mounted shovels, 15 
Euclid trucks and 15 dumpers. 
Spoil from the excavations was 
brought along the valley to the 
foot of an inclined rope railway 
(to be seen in Fig. 1) by which 
it was raised from a level of 410 
m. to 625 m. in four 3 cu. m. skips 
counterbalanced in pairs. From 
the top of this railway the spoil 
was hauled by road to the crush- 
ing and grading plant. of 200 tons 
per hour capacity, which supplied 
two concrete-batching and mixing 
towers, each capable of supplying 
120 cu. m. of concrete per hour. 
Cement was stored in six 500 ton 
silos. An auxiliary concrete-mix- 
ing plant was also installed to 
supply the concrete for the under- 
ground station. 

Concrete from the main mixing 
plants was handled by four 10 
ton cableways; three (Fig. 8) 
served the zone of the dam, and 
the fourth was used first to build 
the upstream cofferdam after 
which it was moved to supply the 
underground workings through 
the large access shaft. 

The third problem was that 
presented by the close time 
schedule, which aimed at produc- 


ing power early in 1958. Work on Fig. 12. Picote dam seen from downstream during construction 


the diversion tunnel was com- 

menced in May 1954 and completed in May 1955, and 
the subsequent erection of the cofferdams enabled 
work on the dam site to be commenced in the dry in 
October of the same year. Concreting of the dam 
commenced in the middle of 1956 and was completed 
by the end of 1957. The roof of the machine hall was 
excavated and concreted by March 1956, and instal- 
lation of the first machine was commenced later in 
the same year. 


Diversion Tunnel and Cofferdams 

The diversion tunnel is 280 m. long and 144 sq. m. 
in section. It is unlined but, as will be seen from 
Fig. 7, the section is of a form to give the utmost 
stability in the prevailing system of diaclases. Towards 
the centre of the tunnel there is an 8 m. by 10 m. gate 
which was used to close the dam, after which the 
tunnel was plugged with concrete. 
_ The upstream cofferdam is shown under construc- 
tion in Fig. 9 and completed in Fig. 10. It is essenti- 
ally an arch dam, 30 m. high and 50 m. in radius at 
the upstream crest, but as will be seen from the sec- 
tion. Fig. 6, it is constructionally in two distinct 
parts. The lower part was built up by driving two 
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Fig. 13. Section through Picote dam 













































































Fig. 14. Picote dam spillway in operation 


rows of sheet-steel piles into the gravel behind a 
barrier of gabions consisting of crushed rock in wire 
netting. Behind the arch formed by this piling the 
gravel was replaced by concrete to a height of 6 m. 
below the top of the piling, and the rock left in the 
river bed was consolidated by grouting. The upper 
arched section was catried up in the dry between and 
above the piles by normal methods. 

The level of the cofferdam and the section of the 
diversion tunnel were chosen to handle a flood of 
1,300 cu. m. per sec. This was exceeded on one occa- 
sion, when the cofferdam was overtopped by 5 m. 
Some of the gabions were carried away, but the coffer- 
dam itself was undamaged. 

The downstream cofferdam is also a concrete arch 
but is only 17 m. high, and as will be seen from the 
section given in Fig. 6, is simpler in construction. 
Seeing that the site was in still water due to the 
presence of the upstream cofferdam, it was possible 
to employ divers to clean the river bed. Two walls 
were then built up consisting of sacks of cement, and 
between these walls concrete was placed under water 
in lifts of 14 m., the work being checked by divers. 
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When the concrete rose above 
water level the arch was com- 
pleted in the normal way. Fig. || 
depicts the upstream side of the 
cofferdam after the river bed had 
been drained, and clearly shows 
how the cement bags were placed. 


The Dam 

We have already mentioned 
that the dam is of an unusual if 
not unique design. and the various 
illustrations in this article will 
give a clear impression of the 
arrangement of the separate spill- 
way apron and buckets and of the 
method of delivering the tailrace 
discharge underneath the spillway 
apron. The dam is of the double- 
curvature arched type. 100 m. 
high above lowest foundation, 
with a developed crest length of 
93-5 m. excluding the abutments 
and a chord of 87 m. The radius 
of curvature of the upstream face 
is 85-4 m. just below the crest and 
54:5 m. at the base, the thickness 
of the centre section of the dam 
ranging from 11-6 m. at the top 
to 17:5 m. at the base. 

The spillway discharge is con- 
trolled by four sector gates, each 
20 m. wide and 8-6 m. high. The 
maximum design flood of 10,400 
cu. m. per sec. corresponds to a 
height of 15-15 m. over the spill- 
way sill, and the dam has 2°0 m. 
of freeboard above this flood 
level. The final design of the ski- 
jump spillway was determined by 
model tests. which covered the 
inclination of the apron, the con- 
vergence of the guide walls. the 
inclination and curvature of the 
discharge buckets. and the design of the splitters. The 
spillway is designed to throw a fully aerated jet into 
the air above the centre of the river bed and to ensure 
the formation of a hydraulic jump at a safe distance 
from the spillway structure. These tests confirmed that 
the distribution of velocity over the cross section of 
the river bed in the affected region was substantiaily 
even. the velocity being highest in the centre and 
sensibly less at the sides and floor of the bed. 

When designing the dam it was considered that the 
form of the valley would preclude any appreciable 
benefit being derived from cantilever action, and cal- 
culations were made on the basis of independent 
horizontal arches. Only the loading due to the hydro- 
static pressure was considered; temperature effects 
were not taken into account as the concrete was to 
be artificially cooled on placing, and as the maximum 
stresses were found to be low it was not thought neces- 
sary to allow for earthquakes. According to these 
calculations the maximum compressive stress was 30 
kg. per sq. cm. on the upstream face at a level of 420 
m., and the maximum tensile stress 5 kg. per sq. cm 
on the downstream face at 400 m. The maximum 
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Fig. 15. The tailrace channel under the dam spillway 


pressure on the abutments was 29 kg. per sq. cm. 

Three models, at a scale of 1: 150 were then tested 
for full hydrostatic pressure with the spillway gates 
closed and open. Principal stresses and displacements 
were determined for 24 points on each face of each 
model; the isostatic lines were established by varnish 
stress coats, and the loading in the piers carrying the 
sector-gate trunnions was examined by photo-elastic 
analysis. It was established that the dam actually did 
behave as a system of horizontal arches without ap- 
preciable cantilever effect. but the maximum stresses 
were somewhat different. The maximum compression 
was 40 kg. per sq. cm. on the downstream face at a 
level of 400 m., and the maximum tension 4 kg. per 
sq. cm. at the upstream foot of the dam. 

We have already referred to the equipment for 
preparing the aggregate and for mixing and placing 
the concrete. The concrete in the lower part of the 
dam had a strength of 323 kg. per sq. cm. at 28 days. 
rising to 372 kg. per sq. cm. at 84 days, but the 28 
day strength was later reduced to 250 kg. per sq. cm. 
This value was retained throughout for a thickness 
of 3 m. from the upstream face, but the strength of 
the hearting concrete was successively reduced to 
225. 200, 195 and finally 180 kg. per sq. cm. Special 
investigations were made on the question of air en- 
(rainment, and the concrete was placed with 2-3% 
of entrained air. The aggregate had a continuous 
granulometry from 0 to 150 mm.. the gradings being 
made at 75, 38. 19. 10, 5, and 2-5 mm. At the site 
laboratory continuous control was maintained over 
the incoming cement. sand. aggregate and concrete, 
and check tests on the cement were also carried out 
WATER POWER 
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Fig. 16. The junction of the draft tubes with the 
tailrace tunnel 
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by the suppliers, Empreza di Cimentos de Leiria, and 
by the National Civil Engineering Laboratory, 
Lisbon. 

The task of concrete placing was greatly speeded 
up by the installation of a refrigerating station to 
cool the concrete. The concrete was artificially cooled 
by water circulation (15 litres per min.) through ser- 
pentines consisting of metallic tubes 1 in. in diameter 
and 0:55 mm. thick. These serpentines were placed, 
one in each lift of concrete, with a vertical spacing 
between them of 1:50 m. In the first month after the 
concreting the refrigeration of each lift was carried 
out with water pumped from the river, and in 4he 
second month with water cooled to 4°C, thus obtain- 
ing a final concrete temperature of 9°C, which is 4°C 
below the average annual air temperature at Picote. 
This enabled successive lifts to be placed at intervals 
of three days instead of five to seven days which 
would have been necessary without cooling. 

The dam was built in blocks 14-5 m. wide meas- 
ured on the upstream. The joints were made by a 
Z-shaped copper sheet, 1:6 mm. thick, located about 
30 cm. from the upstream face, and protected by a 
second copper sheet a few centimetres from the face. 
On the downstream side a simple steel sheet was 
placed about 20 cm. from the downstream face. to 


Scottish Hydro Board Report 


N their Annual Report for 1958 the North of 

Scotland Hydro-Electric Board state that during 

the first 15 years of their existence they have com- 
pleted the development of about one quarter of the 
estimated usable water-power resources of the High- 
lands and have carried the benefits of electricity to 
more than 90% of the people in their area. A total 
hydro-electric capacity of 813 MW is now in opera- 
tion, of which 84 MW was installed during the year 
under review. Schemes under construction total 169 
MW, in course of promotion 448 MW, and under 
survey 224 MW. There are now 34 postwar hydro- 
electric stations in operation and 14 under construc- 
tion. 

Contracts were let for the Strathfarrar scheme dams 
and power stations at Aigas and Kilmorack and those 
for the works in Glen Strathfarrar will be placed early 
in 1959. For these contracts. where the quantity of 
cement required will be approximately 70,000 tons. 
and for all other future schemes, the Board have been 
able, after years of effort, to get an assurance that 
cement will be delivered in bulk to their contractors. 
This will mean a saving over bag supplies of 8s. 6d. 
per ton. On the Farrar contracts it is also hoped to 
use blast furnace cement, thereby securing another 
saving Of 5s. per ton. 

The Board’s contractors placed some 177,000 cu. 
yards of concrete during the year. With the help of 
mechanical aids, some particularly good rates of 
placing were attained. Since the Board first pioneered 
the use in this country of wet-ground blast-furnace 
slag concrete at Cluanie. and later of fly ash in the 
dams at Lubreoch, Lednock and Giorra. the total 
saving of cement by the use of these materials has 
amounted to some 53,000 tons. 

Nearly 14 miles of tunnel were driven during the 
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resist the injection pressure when the joint was 
grouted. Two independent networks of grooves and 
tubes were incorporated in the joints for primary and 
secondary injection respectively, these operations 
being carried out in stages from the four inspection 
galleries and bottom drainage gallery traversing the 
interior of the dam. 

For drainage purposes the inspection galleries and 
drainage gallery are connected by three vertical 
shafts, and drainage ducts are formed in the dam at 
5m. centres about 3 m. from the upstream face. 

"It may be convenient at this point to mention the 
grouting of the foundations. In the first place the 
junction between the dam concrete and the under- 
lying rock was sealed by grouting through holes 
driven from the drainage gallery about 3 m. into the 
rock. Secondly a grout curtain was put down to act 
as a cut-off wall, by means of holes drilled to various 
lengths in accordance with the results of permeability 
tests. These holes were injected at high pressure 
with a grout treated to obtain high penetration. 

Instrumentation of the dam is comprehensive. It 
contains 220 extensometers, 44 detectors for joint 
movement, 12 units for measuring compressive stress. 
234 thermocouples, and three pendulums. 


(To be continued) 


year, bringing the total since 1944 to 157 miles. 

Final adjustments were made to the Awe scheme 
and in its amended form it was referred to the Sec- 
retary of State for Scotland for confirmation. The Awe 
scheme includes the first large-scale pumped-storage 
development in Scotland at Cruachan with 400 MW 
of combined pumping and generating plant. At Crua- 
chan it is proposed to utilise the difference in level 
(1,160 ft.) between Loch Awe and a reservoir to be 
formed higher up on the Cruachan Burn. It is hoped 
that this development will be available to meet the 
growing Scottish load by 1965-1966. by which time 
the South of Scotland Electricity Board expect to 
have sufficient surplus high-merit generating-plant 
capacity at nights and week-ends to provide the essen- 
tial low-cost pumping units. 

Preliminary investigations are being conducted into 
the design of the pumps and generating plant required 
for the Cruachan station and especially into the possi- 
bility of having reversible pump-turbines instead of 
separate machines. Investigations are also being made 
into the operating cycles and their effect on storage 
and the transmission arrangements. 

Investigations continued into the possibilities of 
developing further pumped-storage schemes in other 
parts of the Board’s area and progress has been made 
with the hydraulic model tests which, as mentioned 
in last year’s report, were necessary to investigate 
some of the problems that may arise if Loch Lomond 
is used for this purpose. 

Power stations generated 2,043 million units of 
electricity. 1,683 millions of which were produced by 
water power. This is an increase of 130 million on the 
total generated in 1957. 

The Highland grid system now totals 1,630 circuit 
miles. with another 250 circuit miles being built. The 
Board’s main transmission has so far not exceeded 
132 kV, but during the year the Board decided to have 
a number of 275 kV lines to meet future requirements. 





WATER POWER April 1959 








& 














Short-Period Regulation and Installed 
Capacity in Sweden 







LENNART BERG* discusses the concepts of “ regulation 
factor” and “factor of installed capacity” in relation to 
Swedish conditions 


Average weekly load 
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Fig. 1. Normal weekly variation 


NDER present conditions the major part of 
electrical power required in Sweden is produced 

by water. The natural supply of water varies con- 
siderably during different parts of the year and also 
from one year to another, but by using long-period 
regulation of lakes in the upper parts of the rivers it 
is possible to adapt the supply of water to the varia- 
| tions of load week by week to a certain extent. By 
using short-period regulation, arranged as close as 
possible to the power plants, the variations of load 
from one hour to another during the week can be met. 

' When the quantity of water-power energy available 
during a week is insufficient, it is supplemented by 
thermal power, and due to the long distances of trans- 

{ Mission it is generally economical also to meet ex- 
treme peak loads with thermal power. On an average, 
} about 95% of the electric energy is produced by 
water-power plants and about 5% by thermal power 
plants. About 80%, of the installed capacity consists of 


water power and about 20% of thermal power. 
f - a —_ =— 
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* Consulting Engineer, Vattenbyggnadsbyran, Stockholm. 
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of load on the Swedish network 


In the following discussion, the short-period regu- 
lation utilised by Swedish water-power plants will 
be illustrated by a few words about the factor of 
regulation and the factor of installed capacity. 


Regulation Factor 
By the regulation factor r is meant the relation 
between the quantity of energy e which is stored, or 
can be stored, so as to meet the need of regulation 
during a certain period, and the total energy E pro- 
duced during the same period, i.e., 
e 
ee 
As a rule, the extent of short-period regulation 
is characterised by the quantity of energy which 
must be retained from Saturday afternoon to Mon- 
day morning to be utilised during the working 
week. 
Fig. 1 shows the variation of load in Sweden dur- 
ing a normal week. In order to meet the total load a 
regulation factor of 0:052 is required, so that during 
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periods when the need of power is supplied almost 
wholly by water-power plants, a regulation factor of 
0-052, on an average, is thus required at these plants. 

The highest regulation factor for the water-power 
plants is obtained during a week when about 20% of 
the need of energy is met by means of thermal power 
evenly distributed throughout the week:— 

0-052 
1:0-0-2 

Short-period regulation is also utilised to a con- 
siderable extent during periods with ample water sup- 
ply, it being then desirable to produce secondary 
power of such a quality that an even output thereof 
will be available. For this purpose a higher regulation 
factor than 0-052 may be required, but it will hardly 
exceed 0:06 

The significance of the regulation factor with refer- 
ence to the required volume of reservoir m will best 
be illustrated by an example. Generally speaking. m 
will be calculated from the equation 
e m 
E168 x 3,600 g 


r 0-065 


r 


or 
m= 605,000 g r cu. m. 
where q is the inflow to the reservoir in cu. m. per sec. 

Suppose that we have a power station designed for 
a discharge of 500 cu. m. per sec. Great demands will 
be made on the short-period regulation at this plant 
during a week when q equals 400 cu. m. per sec. and 
the regulation factor is 0-065. The volume of storage 
required will be 15-7 million cu. m. Most power plants 
in Sweden are situated in river valleys where storage 
reservoirs are created by a limited raising of the water 
level, and, as a rule, these reservoirs are not sufficient 
to meet demands of this extent. Difficulties arising for 
this reason will, however, be overcome partly by co- 
operation between plants with different storage con- 
ditions, and partly by utilising simultaneous short- 
period regulation in a series of power plants, of which 
the one situated in the uppermost part of the river 
has such a large reservoir that the main part of the 
short-period regulation can be effected there. 

On the whole, conditions in Sweden are favourable 
for short-period regulation. The values of the regula- 
tion factor given above are average values, and the 
regulation factor at individual power plants may vary 
between 0 and about 0:2 according to the natural local 
conditions of the site. Quite different demands with 
regard to the regulation factor will be made on water- 
power plants in other countries where those plants 
can meet only a certain part—perhaps a minor part 
—of the total demand for power. 


Factor of Installed Capacity 

By the factor of installed capacity uw is meant the 
relation between installed capacity P, and average 
load P,,, i.¢., 
Ps 
Pn 

In Sweden, the maximum hourly load is about 1-5 
times the annual average load (calculated on primary 
power). Should the water power, when a sufficient 
quantity of energy is available, also meet this load, the 
factor of installed capacity required would be 1-5. In 
Sweden, however—as mentioned at the beginning of 
this article—it is more economical to meet the part 


u 
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of the peak load which has the lowest content of 
energy with thermal power; thus, u might be reduced 
to about 1:35. As a matter of fact. in Sweden at pre- 
sent u is 1-65. This is partly due to a certain develop- 
ment of secondary power and to the circumstance that 
the relative supply of water may vary from one part 
of the country to another. However, Swedish water- 
power capacity is fairly high at present, and for this 
reason we have lately begun to design our new water- 
power plants for energy rather than for effect. 

As is the case with the regulation factor, the values 
of u given above are also average values applying to 
the whole country. In practice. uv normally varies be- 
tween 1:2 and 2. When uw is higher than 2, we arrive 
at the category of peak power plants; there are a few 
plants of this type in Sweden although their number 
is much lower than on the European continent, where 
the demand for such plants is much greater. 


Concluding Remarks 

At present, the main part of the electric power re- 
quired in Sweden can be supplied by water-power 
plants. The need for short-period regulation and for 
installed capacity is therefore moderate. In the future. 
when part of the Swedish power production is taken 
over by nuclear power, this need will increase. At 
present, however, it is impossible to make any invest- 
ments worth mentioning for that need, since, judging 
from the human standpoint, it will take several 
decades before nuclear power will play such a réle in 
thé Swedish production of power that an increased 
demand for short-period regulation and _ installed 
capacity at the water-power plants will be noticeable. 
Such a demand may rather come to the fore through 
an increased international exchange of power, which 
already exists and is strongly developing in the central 
parts of Europe. 


Corrosion Voltmeter. The “Guardion” corrosion volt- 
meter, produced in conjunction with W. G. Pye & Co. 
Ltd., is described in a leaflet from F. A. Hughes & Co. 
Ltd., 4, Stanhope Gate. London W.1. It is compact and 
apart from corrosion protection its portability and 
high impedance make this instrument extremely use- 
ful for a variety of other purposes where scientific 
accuracy is required in field operations. 


Scottish Industries Exhibition. The Scottish Industries 
Exhibition, which is organised on a five-yearly basis, 
is being held this year in the Kelvin Hall, Glasgow, 
from September 3 to September 19. Since the previous 
Exhibition in 1954, Scotland has added some 500 new 
factories and extensions to her production capacity. 
and the 1959 Exhibition will cover well over 2,000 
Scottish-made goods ranging from textiles to heavy 
engineering. Some idea of the support the Exhibition 
has already commanded may be gained from two 
facts: a guarantee fund of £100,000 has been over- 
subscribed within Scotland to a total of £177,000; and 
the Kelvin Hall, although it is one of the largest indoor 
exhibition halls in Europe, is not large enough to meet 
all the requests for space, and applicants have been re- 
quested to accept smaller stands. The Scottish Indus- 
tries Exhibition is now the largest trade fair in Britain. 
and it is confidently expected that the previous attend- 
ances, at the 1949 and 1954 Exhibitions, of well over 
a million visitors will be exceeded. 
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Fig. |. Finlarig power station on Loch Tay 





Finlarig 


A short description of a power station in the Lawers 
section of the North of Scotland Hydro-Electric Board’s 
Breadalbane Development 


HE North of Scotland Hydro-Electric Board’s 

programme for developing the potential water- 

power resources in the Breadalbane district of 
Perthshire includes the construction of four power 
stations in the northern part of the area, between 
Loch Tay and Glen Lyon, and a further four stations 
in the southern part of the area, between Loch Tay 
and Loch Earn. One station in the northern group. 
at Finlarig, was first put into commission early in 1956 
and has certain singular features which make it 
unique. Finlarig is also of topical interest because it 
was chosen as the site for a series of tests of various 
flow-measurement methods which took place in 
September 1958.* 

Finlarig is the power station for the Lawers section 
of the Breadalbane development. Although the catch- 
ment area is only 174 sq. miles, some of the principal 
peaks in the area are over 3,000 ft.. and Ben Lawers 
itself is nearly 4,000 ft. high. The catchment drains 
into a reservoir, which was originally a small loch. 
Lochan na Lairige, situated in the pass between Loch 
Tay and Glen Lyon. A buttress dam, 1,250 ft. long 
and 130 ft. high, was built in the pass to raise the 
water level by 90 ft. and increase the storage capacity 


“ See Water Power, November 1958, p. 403 
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to 460 million cu. ft. The maximum flood level at the 
dam is 1,713 ft. O.D.. giving a maximum gross head 
at the turbine centre line of 1,348 ft. 

The power station is situated on the shore of Loch 
Tay, some two miles from the town of Killin, which 
is a point of great importance to the whole Breadal- 
bane scheme because of its key position between the 
Board’s eastern and western generating systems. The 
station is equipped with one 30 MW Pelton turbine 
generating set, which is the largest unit of its type 
in Great Britain. Advances in the design of the Francis 
turbine during the past few years have been so rapid 
that it is now the generally accepted practice to use 
this type of turbine under high heads in preference 
to the Pelton, although the latter may still be more 
suitable under certain conditions. It is possible, there- 
fore, that if the Finlarig station were designed today, 
a Francis unit might well be chosen instead of a 
Pelton. 

The horizontal generating set consists of a salient- 
pole synchronous generator with a Pelton runner con- 
nected to each end of the generator shaft. The set is 
of the two-bearing type with the turbine runners over- 
hung, the generator and the main exciter being located 
between the bearing pedestals. The pilot exciter and 
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governor generator are directly coupled to the main 
shaft on an extension beyond one of the turbine 
runners. 

Each of the two Pelton wheels has stainless-steel 
buckets and is driven by two jets, the nozzles being 
mounted on the steel plate turbine castings. The dis- 
charge pit liners are also of steel plate. A braking 
jet operating on the backs of the buckets of one 
runner is brought into operation automatically on 
shut-down and stops the rotor in about five minutes. 
The rated output of the set at the generator termi- 





Fig. 3. A longitudinal view of the 30 MW Pelton turbine 


Fig. 2. The Lawers section of the Breadalbane development 


nals is 30 MW and the continuous maximum rated 
MVA output is 35-294 MVA. A minimum net head 
of 1,244 ft. is required for full output at a normal 
operating speed of 375 r.p.m. with a rated voltage 
of 11 kV. The general factor of safety at runaway 
speed is 3-5 and, for the turbine runners, 6-0, in each 
case on the ultimate tensile strengths. Each jet is 
7-64 in. in diameter, the brake jet diameter is 2-01 
in., and the runner diameter at the pitch circle of 
the: buckets is 80-91 in. Turbine runaway speed at full 
nozzle opening and under no-load maximum-head 
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Fig. 4. A sketch of the power station internal layout 


conditions is 705 r.p.m. and the maximum momentary Oil for the governor system is supplied from a 
increase of speed when 100% continuous maximum pressure receiver in which the pressure is maintained 
rated load is rejected is 12%. against an air cushion by an a.c. motor-driven oil 


The cooling water for the alternator air cooler and pump. A reserve oil pump, driven by a small auxiliary 
bearing oil coolers is pumped from the tailrace by one Pelton runner, is provided and comes into operation 
415 V induction-motor-driven pump, there being a automatically in the event of low receiver pressure 
duplicate unit installed as a standby. A continuous occurring. Two automatically controlled 36 in. 
oil lubrication to the bearings is maintained from an hydraulically operated rotary valves are placed just 
external sump by means of an a.c. motor-driven pump _ before the Y-branches leading to the turbine nozzles. 
with a d.c. unit in reserve. A further pump driven by The outside generator transformer is placed along- 
another 415 V induction motor is provided to remove _ side the power station. It is of 35 MVA capacity with 
any water due to leakage or drainage and comes into a ratio of 132/11 kV and it is cooled by forced-oil 
operation automatically when the excess water reaches circulation and air blast. There is a tapping range 
a certain level. Both the generator and the main exci- on the high voltage winding of + 15%. 
ter are ventilated on the closed-circuit air system by Finlarig will eventually be operated by remote 
fans attached to the rotor. The heated air is water control from Lochay power station where the first of 
cooled by a cooler beneath the machine, but some of the two vertical Francis turbines started producing 
the hot air can be extracted through a damper system power in October, and the second in December, 1958. 
and used for heating the power station. Lochay will incorporate the group control centre for 

The turbine jets are controlled by oil servomotor- the whole of the Breadalbane development and it is 
Operated spears and deflectors which are themselves expected that full remote control of Finlarig will be 
controlled by a governor actuator. The governor cen- in effect later this year. A 132 kV line, connecting 
trifugal head is driven by an electric motor supplied Errochty substation and the switching station at 
from a permanent-magnet generator. The governor Inveruglas near Sloy power station, already crossed 
gives a permanent speed variation between full load the Breadalbane area before development began. This 
and no load, which can be set to a maximum of 5%. line had been planned with a view to sectioning and 
In addition, a speeder-motor adjustment is provided switching at Killin, the collecting point for the 
for synchronising and load regulation and this unit Breadalbane scheme and also a convenient location 
is capable of varying the -speed of the set within a for the operating and maintenance staff. Finlarig took 
range of +5% when it is not connected to the system. precedence over the other sites so that adequate 
Speed adjustment may be made manually or by elec- power would be available for the remainder of the 
tric control and an auxiliary 240 V supply is available _civil-engineering work in the area. The 132 kV lines 
for the latter. The full 10% range of alteration is are of standard steel-tower construction with 0-175 
covered in a little over 60 sec. An overspeed device sq. in. copper-equivalent conductors. The second 
is provided on the set and is designed to cause the circuit of the Killin—Lochay line is operated at 33 kV 
i nozzles to close when the speed rises to 25% over- and is extended beyond Lochay to Cashlie as a wood- 

Speed in the event of governor failure. pole line of “H” construction. This is a double-circuit 
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line, the two circuits being operated in parallel to 
give the requisite carrying capacity with a combined 
conductor section of 0-30 sq. in. 

In the Killin substation, the 132 kV circuit breakers 
are of the small oil-volume type with a breaking capa- 
city of 1.500 MVA, which can be increased when 
desired to 2.500 MVA. They are pneumatically oper- 
ated, the air being supplied at 250 Ib. per sq. in. pres- 
sure by two sets of motor-driven air compressors to 
two common receivers and one unit receiver for each 
three-phase circuit breaker. High-speed automatic 
reclosing is not available at the moment, but the in- 
stallation is suitable for the addition of this feature 
at a later date. The 33 kV switchgear comprises out- 
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5. A sectional view of the power station 


door single busbars while the circuit breakers are of 
the tank type, controlled by solenoids and of 500 
MVA breaking capacity. 
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Rocol Molybdenised Labetesnte, Under this title 
Rocol Limited of Leeds and London have published 
a brochure which covers every aspect of their molyb- 
denum disulphide lubricants. 


Synchronous Generators. The Elliott Company of 
Ridgway, Pennsylvania, U.S.A., have issued Bulletin 
P.B.2800-—1 to describe the construction of their syn- 
chronous generators for operation with water-turbine 
drives. The diagrams and illustrations are particularly 
explicit and brief details are given of some 30 installa- 
tions they have supplied, ranging from 100 to 35,000 
kVA. 
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by Means 


Rupture Studies on Arch Dams 






of Models 


A method of determining the coefficient of safety of 
arch dams by means of rupture tests on models has been 
devised at the National Civil Engineering Laboratory, Lisbon 


By MANUEL ROCHA and J. LAGINHA SERAFIM 


PART TWO 


Properties of the Materials of the Prototype 

To undertake rupture tests of this kind it is necessary 
to define the properties of the poor-quality concretes 
used in the models and those to be used in the con- 
struction of the actual dams, and also of the simulated 
rocks to be ruptured and of the actual rocks at the 
site. 

It is not necessary to seek a definition of the pro- 
perties of the concrete to be used in the dam with any 
great accuracy, both because of the common accen- 
tuated scattering met with in these properties and also 
because, at the time of design, an accurate knowledge 
of the concrete which will be used is usually not 
available. Furthermore—and probably this is more 
important—a knowledge of the properties up to 
rupture of the concrete to be used is only of interest 
in determining the safety factor in relation to the 
foundation, which involves all the uncertainties in- 
herent in the foundation rocks. 

Hence the need to consider all the complex aspects 
of concrete rupture is remote, especially the influence 
of time on deformation and rupture. Thus, in spite 
of having observed reductions in the compressive 
strength of concrete in relation to time attaining values 
of 20°, they would only have to be considered at an 
advanced stage of the study and for structures in very 
special conditions. 

What must be investigated are the safety factors 
for given test conditions, specially the speed of loading. 
The experience gained in observing the behaviour of 
the dams will indicate the safety factors to be adopted. 
It should be remembered that an analogous procedure 
is usually followed for other structures when their 
resistance to rupture or to certain values of the stresses 
is determined either by computation or by tests. 

As a rule it is sufficient to define the concrete by its 
stress-strain diagram obtained in the usual compressive 
and tensile tests. Besides the general shape of the 
diagram it is of interest to consider the ultimate tensile 
Stress and strain op" and e,’*, and the ultimate com- 
pressive stress and strain,.o," and ep’, and also the 
maximum strain €max (Fig. 1). The value of the 
relation (€max — €p")/ep”’ must play an important part 
in the phenomena of adaptation. Fig. 2 gives the results 
of compression tests, conducted by Smith and Young,’ 
on concretes of varying strengths. The value of «," 
varies little from 2000 x 10-* but this relation has 
values from 735 to 34% when the strength of the con- 
crete varies from 500 to 100 kg per sq. cm. 
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For foundation rocks it is sufficient as a rule to 
consider the stress-deformation diagram in relation to 
compression. To fix a rate of application of the load 
in determining the factor of safety of dams, it is neces- 
sary to know the behaviour of the concrete and rock 
involved under creep or other tests designed to estimate 
their non-elastic behaviour. 

The properties of concretes of such poor quality as 
to cause rupture of the dam itself are very indeter- 
minate. The poor quality could be due to an insufficient 
cement content, an excessive quantity of water, 
defective grading of the aggregates, etc., or a com- 
bination of these factors. There is therefore no object 
in attempting to define the properties of such a concrete 
accurately. It is only of interest to consider a material 
representing all poor concrete mixtures which might 
occur under exceptionally unfavourable circumstances. 
It will be advisable to choose a diagram of the type 
corresponding to the weakest concrete shown in Fig. 2. 
Even if in future the safety factors are greatly reduced, 
the strength of concretes at which rupture would occur 
would probably be less than the 100 kg per sq. cm., 
corresponding to that of the diagram, and it is thus to 
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Fig. 2. Stress-strain curves for concrete cylinders 
obtained by Smith and Young’ 
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be expected that their capacity of adaptation would 
be even greater; it would, however, be on the sate 
side to determine the safety factor of a concrete with 
such a type of diagram, even if the strength ‘ts 
appreciably less. 


Materials for the Models 

To facilitate the choice of materials for building a 
model, it has to be assumed that similarity exists once 
it has been verified in uniaxial loads. In view of the 
complexity of rupture phenomena, materials for the 
models should have a physical nature analogous to 
that of the concrete and foundation rocks. Mortars, 
micro-concretes and mixtures of plaster of paris with 
diatomite are the most suitable. 

The behaviour of the materials in creep tests should 
be studied in order to take into account similarity with 
regard to the rate of application of the loads to the 
prototype. 

The wide experience with the mixtures of plaster of 
paris and diatomite and their good qualities—especially 
the ease of construction and modification of the 
models, their homogeneity, the wide range of mechani- 
cal properties and their low cost—led to test models 
made of this material first, both for the dam and the 
foundation. In order to obtain the fullest information 
on similarity conditions, tests are to be carried out 
on models consisting of mortars with properties as 
near as possible to those of the concretes in the pro- 
totypes. Mortar may even be found preferable to the 
plaster of paris-diatomite mixture, which, besides the 
advantages already mentioned, does not require great 
forces to reach rupture, thus simplifying the tests. 


A New Method of Loading Models 

So far, a fundamental difficulty met with in tests 
for the determination of the safety factor, as was laid 
down in Part One of this article, is that of the simul- 
taneous application of hydrostatic pressure and weight 
to the models. The technique used so far to reproduce 
the weight consists in the application of concentrated 
forces, which, besides being liable to produce ruptures 
without attaining significant values, requires complex 
equipment and the cutting of numerous holes in the 





Fig. 3. Forces acting on a portion of a dam: H= 
hydrostatic pressure; G=gravity; R=resultant; j= 
axis of jack 
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model to allow the passage of the wires applying the 
forces. A system of loading, therefore, was developed 
(Fig. 3) which consists in applying forces R by 
means of jacks at points A on the upstream face, 
these forces being the resultant of the hydrostatic 
pressure H acting on a given area of the face of the 
dam and of the weight G of the volume of the dam 
corresponding to this area. In view of the dams having 
a small thickness in relation to the other dimensions, 
the application of forces R in a sufficiently high 
number, leads to a state of stress which differs little 
from the result of the application of the hydrostatic 
pressure and the weight as distributed loads. The fact 
that the forces G are generally smaller than H, facilitates 
the application of the forces R to the models. 

The dam is divided into horizontal arches and each 
arch into voussoirs and a corresponding force R is 
applied to each voussoir. These forces should be trans- 
mitted to the model by means of rigid plates having 
a soft material attached, which will adapt itself to the 
surface of the model, so as to guarantee a uniform 
distribution of the forces. It is also necessary to avoid 
the plates interfering with the deformations of the 
upstream face. Strain gauges can be mounted in the 
spaces between the plates. 

Important questions are the number of jacks to be 
used and the size of the areas to which the forces R 
should be applied. If too few jacks are used the state 
of stress will be appreciably different from that re- 
quired, whereas if too many are used mechanical 
difficulties will occur in applying the system. Tests 
already carried out show that the most suitable num- 
ber of jacks is between 20 and 30. 

In order to simplify the set-up, all the jacks are fed 
from one pump and the areas of the pistons are varied 
in order to reproduce forces proportional to Rp. If k 
is the constant relation between the forces Ry and the 
corresponding areas Sm of the jacks,then k = Rp/Sm. 
As Rm = (1/A?a)Rp = (1/A*p)Rp and Rm = PSm,where 
P is the pressure in the jacks, the scale of the stresses 
1/a corresponding to a given value of the pressure is 
given by 

a k 
and the specific weight of the liquid acting on the model 
corresponding to the forces applied by the jacks has 
the value 


1_*, 


3 
Ym = RP X Yp 


to which the corresponding scale of the specific weights 
is 1/p = (A°/k)P. 

If the rupture of the model is produced by a pressure 
P and the rupture strength of the material o»," is known, 
then the safety factor is given by 
A?P or 


k Cm!" 


1 or 
= ont 
and the adaptation factor by 
1 omax >» A*P Omax 


an k ont 
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Results Obtained 

Some rupture tests on plaster of paris-diatomite 
models have already been carried out in the L.N.E.C. 
This material has a stress-deformation curve of the 
shape shown in Fig. 4. As can be seen by comparing it 
with the curves in Fig. 2, the shape resembles that of 
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good-quality concrete. Hence, by 





carrying out rupture tests for de- 
termining the safety and adapta- 
tion factors relative to the 


quality of the concrete of the dam, 20 





the phenomena of adaptation 
should be less accentuated, that is, 
values smaller than the actual ones 





will be obtained for these factors. 15 
Models made of this material 

were used because they already 

existed for routine elastic tests, 


eo 





but a systematic study of the 
mixtures of plaster of paris and 
diatomite in various proportions 


Fa 





is being carried out with a view to 5 wll : 
choosing those most suitable for c. 
rupture tests. 

As the models are homogeneous, 


























the tests reproduce a situation in bs 
which the foundations have the 
same properties as the concrete 
for which rupture would occur, 
i.e., a foundation of very poor quality. In spite of this 
no ruptures were obtained by crushing the founda- 
tions of the models. 

Some preliminary investigations were performed to 
judge the accuracy of the loading systems. Two similar 
loading systems were built, one reproducing only the 
hydrostatic pressure on a dam, the other reproducing 
both the hydrostatic pressure and the weight. 

Such investigations were carried out on models of 
Boucd dam, built to a scale 1:200 with a mixture of 
plaster of paris and diatomite, previously tested to 
determine the stresses in the elastic range using a mer- 
cury loading system.* This dam is of the double- 
curvature type with a maximum height of 60 m and a 
maximum thickness of 7:5 m at the base.?° 

The dam was divided in 26 voussoirs and the values 
of the forces G due to their weight, and H due to the 
hydrostatic pressure, were computed. The pairs of 
those forces were resolved, giving the forces R. For 
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Fig. 4. Stress- 
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strain diagram of three plaster-diatomite prisms 


both loading systems, the coefficient kK was made equal 
to6 x 10®kg per sq. cm.; the value of 1/p then becomes 
3 
© nga 
p 6x 108 3 
Figs. 5 and 6 indicate the position of the jacks and 
distributing plates reproducing the hydrostatic pressure 
and the weight. 
For the system of jacks reproducing the hydrostatic 
pressure alone the following measurements were made: 
(1) strains were measured in 28 of the most-stressed 
points of the dam, with the oil pressures P in the jacks 
equal to 5, 10 and 15 kg per sq. cm.; these strains were 
compared with those obtained at the same points, with 
the same electrical strain-gauges, but using mercury to 
load the model; 
(2) the same strains when a jack was deviated in 
direction by 15°; 


P 








— ao 


Fig. 5. Jack loading sys.em for the hydrostatic pressure 
and weight on the Boucad dam models. a Jack; b steel 


plate; ¢ wooden block; d rubber 
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Fig. 6. Position of jacks and distributing plates on the upstream face of Boucad dam models for hydrostatic 
pressure and weight 


(3) the same strains when the diameters of four 
jacks were increased by 50%. 

All these tests, the results of which are not presented 
here, led to a few improvements in the jacks, pump and 
tubings and indicated that the system of jacks repro- 
duces the state of stress with the necessary accuracy 
if variations in their directions are less than 1° 30’ and 
in their diameters of less than 5%. 

Although these tests are not yet finished, it has been 
possible to rely on the results of rupture tests already 
performed on three models of Boucd dam using the 


system of jacks to reproduce the hydrostatic pressure 
plus the weight. Fig. 7 shows the general aspect of a 
model under test, seen from upstream, and Figs. 8 and 
9 show two of the models after rupture. 

Rupture of the models always occurred in the same 
way. The crown of the upper arches suddenly failed 
by crushing; crushing near the foundation in the down- 
stream face and shear along the entire foundation 
occurred at the same time (Fig. 10). Although the 
hydrostatic pressure and the weight were applied, the 
level of the crest rose and the artificial abutments of 





Fig. 7. View of jack assembly and supports before the rupture of one of the Bouca dam models 
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the upper part of the dam were sheared in the direction 
of the thrust. This type of rupture seems different from 
that observed in tests carried out by others, in which 
the hydrostatic pressure only was increased. 

The values of the pressures P that produced failure 
and the corresponding value of 1/p for the three models 
are given in Table I. 








TABLE I 
P i om’ 
Model | (kg per sq. cm.) 2 (kg per sq. cm.) 
; 120 160 24-0 
2 160 214 26°4 
3 146 195 27-0 

















After the rupture of the models small prisms of the 
undisturbed material were cut out and subjected to 
compression tests. The same tests were also performed 
on prisms moulded at the same time as the model. 
The average values of the compressive strength of the 
plaster of paris and diatomite mixture used in the 
models are given in Table I. 

Taking the compressive strength of the concrete of 
the dam, which is already built, as being equal to 
350 kg per sq. cm., the factor of safety has the following 
values for the models: 


350 x 160 

= 34 x 200 ~ 17 
350 x 214 

$2 = 564 x 200 > 19 
350 x 195 

= 37x 200 ~ |? 
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Fig. 8. One of the Bouca dam models after the 
rupture test 


As the maximum elastic compressive stress in the 
prototype, determined by the model tests, was 
40 kg per sq. cm. for the combined action of the hydro- 
static pressure and the weight, the factor of adaptation 
has the values: 


160 40 

“~mm~** 
214 40 

¥2 = 300 36-4 — 162 
195 40 

+s = 900 97 ~ 14 


It is very interesting to note that, in the region where 
rupture occurred, the ratio between the maximum 
stress and the average stress across the thickness equals 

40 
28-5 


to the values of the factor of 


1-4 


which is very close 
adaptation obtained. 

Two models of Slettedalen dam, to a scale 1:200, a 
reinforced-concrete arch dam in Norway, 70 m high, 
designed by Chr. F. Groner, were tested at the 
L.N.E.C., and were also subjected to rupture tests 
(Fig. 11). Twenty-five jacks were used and their 
diameters were chosen so that 


1 = l ‘4P 
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Fig. 9. One of the Boucgad dam 


During the rupture tests a first horizontal crack 
appeared in the downstream face (Fig. 12) near the 
crest in a region where tensile stresses were developed. 
These tensile stresses in the design are absorbed by 
reinforcements which are not reproduced in the models. 
Reinforced mortar models have already been built but 
they have not yet been tested. 

Assuming that the tensile strength of the concrete 
is equal to o,’* = 20 kg per sq. cm., as the tensile 
strength of the material of the model is om"* = 6 kg per 
sq.cm. and the horizontal crack occurred for 
P =- 78 kg per sq. cm., then the factor of safety against 
this crack would be only 

P) x . . 
$ 20 x 1-4 x 78 1-86 
6 x 200 











models after the rupture tests 


if the dam was not reinforced. 
As the maximum elastic tensile stress in the prototype 
for hydrostatic pressure and weight is 9 kg per sq. cm. 
at the region where the crack occurred, the factor of 
adaptation would be 
9x 14x7 


If, therefore, the dam was not reinforced the adapta- 
tion would have produced the crack sooner than if the 
behaviour was elastic until rupture. 

By increasing the pressure in the jacks, the final 
rupture of the models occurred with P = 120 kg per 
sq. cm., for one of the models, and for P = 105 kg per 
sq. cm., for the other. The tests of prisms cut from the 
models indicating om” = 24 kg per sq. cm. and taking 
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Fig. 10. Failure-line sketch ob- 
tained by the rupture tests of 
Boucad dam models 
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A Compression failure on arcii 
crown; B failure on arch abut 
ments; C secondary failures 
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a,’ = 350 kg per sq. cm., the factor of safety has the 
values 


350 x 1-4 x 120 








t= — x wo 122 
350 x 1-4 x 105 
&-—ax mm =~) 


As the maximum elastic compressive stress in the 
prototype was 46 kg per sq. cm., the factor of adapta- 
tion has the values 


46 x 1-4 x 120 _ 








cole iy calle 
46 x 1:4 x 105 
a 274x200...” 4 


In this dam the ratio between the maximum com- 
pressive stress and the average stress in the same 
section was 1-8. 


Although these rupture tests are in the early stages 














Fig. 12. Failure-line sketch ob- 
tained by rupture tests on plaster- 
diatomite models of Slettedalen 
dam 
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A Tensile failure; B compressive 
failures on the arch crowns; c 
failure on the arch abutments; D 
secondary failures 
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it seems that two very important conclusions can be 
drawn. First, although the dams tested are very thin, 
the factor of safety was above 10, that is, it would be 
necessary to use concretes having less than a tenth 
of the normal strength in order to obtain rupture. 
The second conclusion is that, due to a very im- 
portant adaptation, the models fail when the average 
stress along the thickness almost reaches the ultimate 
strength of the material. If this is so, the determination 
of the average stresses in sections of the dam is of 
great significance. On the other hand, comparisons 
already made between the average stresses along the 
thickness determined in models and in rubber mem- 
branes used to determine the best shape of arch dams, 
show also a remarkable agreement. As is known, such 
membranes are loaded with loads opposite to those 
acting on the prototype, i.e. the water load is applied 
from downstream and the weight upwards, in order to 
stretch the membrane in tension at every point. 
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Tumut Dam 


HE discharge gates of the 283 ft. high concrete 
be dam on the Upper Tumut river have now 

been closed and another stage reached in the 
Snowy Mountains scheme, Australia. The dam has a 
span of 670 ft. and is one of seven large regulating and 
storage reservoirs which, together with 80 miles of 
tunnels, 15 power stations, some 200 miles of aque- 


This paper was presented for publication in the fina! 
transactions of the Sixth Congress on Large Dam 
and is published in advance here with the permission 
of the International Commission on Large Dams. 
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Completed 


ducts and an even greater length of mountain roads, 
form the groundwork of this scheme. 

By far the biggest of the seven reservoirs is Lake 
Eucumbene, with a storage capacity of 3,860,000 acre 
ft. This lake is impounded by the Adaminaby dam, be- 
lieved to be the second highest earth and rockfill dam 
in the world. This was completed in June 1957, two 
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years ahead of schedule. Further work is expected to 
take 15 to 20 years to complete, when Australia will 
benefit by 3 million kW of power plant and an aver- 
age of 2,000,000 acre ft. of water annually for irriga- 
tion. The resultant increase in the value of primary 
production is expected to reach £A30 million a year. 

Although it may be 1975 before the full benefits of 
the Snowy Mountains scheme are apparent, large 
quantities of irrigation water and power will become 
available every three or four years. Already 60 MW 
have been fed into the New South Wales electricity 
system from the Guthega power station. 

With the completion of the first of five hydro-elec- 
tric power stations to be built on the Tumut river—a 
large underground power station excavated at a depth 
of 1,000 ft. below the surface—the power output will 
be increased by about 30 MW. A 14-mile tunnel from 
Eucumbene reservoir to Tumut Pond dam will aug- 
ment the flow of irrigation water by approximately 
300,000 acre ft. a year. 

Three years later the power output will be increased 
to 660 MW and the annual quantity of irrigation 
water to about 550,000 acre ft. 


The central idea of the Snowy scheme has been to 
turn back to the west the eastward-flowing streams 
from the mountainous area by means of long tunnels 
under the Australian Alps to the Murrumbidgee and 
Murray River irrigation areas. In passing through the 
Alps these waters will fall over 2,000 ft. and with the 
regulated waters of rivers of the western watershed 
will generate substantial blocks of power for New 
South Wales, Victoria and the Australian Capital 
Territory. Additional irrigation water flowing into the 
1,500 mile long Murray River will supply about 3,000 
farms and support an increased population of about 
150,000 persons. 

Hitherto in Australia it was generally regarded that 
a driving rate of 70 ft. per six-day week was satisfac- 
tory for large diameter tunnels in hard rock. The 
American Kaiser-Walsh-Perini-Raymond group, the 
construction company for the Adaminaby dam and 
the 14-mile Eucumbene-Tumut tunnel, quickly in- 
creased this rate of progress to 362 ft. per week and 
have since established tunnelling rates to 484 ft. for 
one week while driving a 24 ft. diameter tunnel at 
one face. 


Automatic or Self-aligning Levels 


Cooke, Troughton & Simms and Hilger & Watts 
have collaborated in the design and development of 
a novel and patented form of optical stabiliser which 
can be incorporated in the telescope of a surveyor’s 
level in order to effect automatic compensation for 
any small errors in levelling. Thus the care which is 
necessary in setting up a conventional spirit level in- 
strument is no longer needed and much time and 
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fatigue is saved. Once the instrument has been ap- 
proximately levelled by means of the circular spirit 
vial, the stabiliser sets the line of sight in a horizontal 
plane with precision, speed and certainty. 

The method of compensation does not depend upon 
any need to magnify mechanically the residual tilt of 
the instrument, but obtains the equivalent correction 
by purely optical means. The moving part of this com- 
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pensator carries two reflecting prisms and is suspended 
by four flexible metal strips forming a flexure-pivot. 
This type of pivot is particularly suitable for this pur- 
pose since it is frictionless yet robust; it can be oper- 
ated an infinite number of times and yet returns un- 
failingly to the correct position and it allows the com- 
pensator to come to rest in the vertical plane with a 
sensitivity of less than a second of arc in a fraction 
of a second of time. The flexible metal strips used in 
this pivot have a constant modulus of elasticity and 
they are so little stressed that the safety factor is 350/1. 

Total movement of the swinging part of the com- 
pensator is restricted by a damper to 20 minutes of 
arc. The damper also serves to take the weight of the 
swinging prism mount when thé instrument is in 
transit. The telescope is of the internal focussing type 
and is constructed to allow the stabiliser to be housed 
between the focussing lens and the reticule. The prism 
system enables the observer to see an erect view of the 
measuring staff. 


Both companies have designed their own instru- 
ment around the common telescope and identical 
stabiliser unit, and each has had its own approach to 
solving the problems of the mechanical design. In 
general appearance, however, both instruments are 
not unlike a conventional surveyor’s level. Each has a 
three screw levelling base, circular bubble for pre- 
liminary levelling, azimuth clamp and tangent screw, 
and optional horizonal circle. Also a parallel plate 
micrometer attachment can be provided having a 
range of 0-02 ft. for measuring the interval between 
the reticule line and the nearest division of the staff 
directly to 0-001 ft. 

Field experience shows that the use of these instru- 
ments doubles the speed of observation, reduces the 
risk of accidental error and results in the saving of 
much time and fatigue. An accuracy of 0-02 ft. per 
mile is easily attained, whilst by taking the usual care 
associated with double levelling an average closing 
error per mile of 0-004 ft. is attainable. 


a A.. Laboratory 


British Insulated Callender’s Cables Ltd. has con- 
structed and equipped a very modern laboratory for 
research and development of high-voltage testing 
cables. The most important items of plant installed 
are a 3,200,000 V impulse generator and an 800,000 V 
a.c. testing set. and the subsidiary equipment includes 
two 200,000 V transformer test sets and a 640,000 V 
impulse generator which will shortly be extended to 
1.280,000 V. 

The laboratory is 200 ft. long and 108 ft. wide with 
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maximum heights of 58 ft. at the apex and 37 ft. at the 
eaves. The main hall is of portal frame construction 
and has an unobstructed floor area of about 22,000 
sq. ft. In order to simplify the observation of some 
tests; there are no external windows and the building 
is illuminated by twin 80 watt fluorescent units fitted 
in four longitudinal rows. 

Layout of the floor space has been designed to 
allow at least seven tests to be carried out simul- 
taneously with the equipment provided. The test en- 
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closures are formed by standard fencing sections and 
posts with sockets set in the floor on a 10 ft. grid; full 
safety interlock facilities and danger lights are in- 
cluded in each fencing section. 

The contro] room for the various items of equip- 
ment in the laboratory is at first-floor level and pro- 
trudes about five feet into the laboratory, to give com- 
plete visibility over the whole operational floor area. 
Observation windows of armour-plate glass are pro- 


vided along the full 80 feet of the control room length. 
Eight control desks, built in the form of double con- 
soles, cater for the control of equipment and all elec- 
trical measurements. Each a.c. test transformer is pro- 
vided with its own Schering bridge and each of the 
impulse generator desks is provided with a transient 
recorder. Adjacent to the control room are wet and 
dry photographic rooms, offices and an instrument 
workshop. 


Pump Casing for Ffestiniog 


The accompanying illustration shows the cast-steel 
casing for the second stage of one of the Ffestiniog 
pumps after rough machining at the works of the steel 
founders George Fischer Limited, Schaffhausen. 
These pumps are being built by Sulzer Bros. Limited, 
Winterthur, in association with The English Electric 
Co. Ltd., the manuracture of the various components 
being shared between the two companies. George 
Fischer Limited are providing the castings for all the 
casings and first-stage impellers and overflow pieces. 
The casing depicted is split into four parts for trans- 
port, and has since been dispatched to the Netherton 
works of The English Electric Co. Ltd. for finish 
machining and for the volute to be welded in posi- 
tion. 

The Ffestiniog pumped-storage station in North 
Wales will contain four pumps of the two-stage 
double-inlet vertical-shaft type. It is believed that 
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they will be the largest pumps in the world; each unit 
is rated to deliver 745 cusecs against a design head of 
1,000 ft., and at this duty will absorb 95,000 h.p. 

The photograph is published with the permission of 
the Central Electricity Generating Board (Northern 
Project Group) and the Consulting Engineers, Free- 
man Fox & Partners, in association with Kennedy & 
Donkin. 


Lightweight Support Leg 


A new lightweight support leg for use in conjunc- 
tion with their range of rock drills has been intro- 
duced by the Consolidated Pneumatic Tool Co. Ltd., 
232, Dawes Road, London, S.W.6. This unit. which 
is alternative to the standard range of steel airlegs. 
has a weight of 32 Ib. and is fabricated from Dural. 
Specifications include a stroke of 4 ft.. a bore of 23 
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Atlas Copco 
Autoloaders 
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Operated by one man. The complete work cycle — mucking, 
transport and dumping can be carried out by one man. This reduces 
labour costs considerably. 

Independent of track. Owing to the fact that the autoloader is not 
rail bound it has an unlimited loading width. Mucking can be carried 
out just as easily in narrow drifts as in large underground excava- 
tions. In addition costs for track laying are eliminated. 

Low maintenance costs. Rubber tyres reduce stresses on the 
machine resulting in lower maintenance costs. The tyre costs per ton 
loaded vary with working conditions but generally these are ex- 
tremely low. 

Another advantage of pneumatic tyres is that the loader can run 
over the air hose without the least risk of hose breakages. 

High capacity. The capacity is dependent on the distance between 
the loading and dumping sites, but for instance, with a haulage dis- 
tance of 70 ft., capacities of up to 55 cu. yds. of material per hour 
have been obtained. 

Many ranges of application. Being independent of tracks the 
machine can operate over larger areas than track-bound loaders. 
It can be dismantled quickly and easily if shaft dimensions make 
transport difficult. 

This machine is available in two versions, T2G and T2GH. T2GH 
has a higher discharge height and is designed especially for dumping 
on conveyor belts. 
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Atlas Copco autoloaders are used throughout the world in 
various ranges of application such as cut-and-fill-stoping in 
ore mines, seam drifts in coal mines and for loading opera- 
tions at the surface. 


A complete range of compressed air equipment 


Atlas Copco manufactures portable and stationary com- 
pressors, rock-drilling equipment, loaders, pneumatic tools 
and paint-spraying equipment. Sold and serviced by com- 
panies or agents in ninety countries throughout the world. 


Atlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden, 


or Atlas Copco (Great Britain) Limited, Beresford Avenue, Wembley, Middlesex. un 
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in. and an overall length when closed of 5 ft. 10 in. 
The length when fully extended is 10 ft. 1 in. 

The new unit represents a weight saving of 264 Ib. 
as compared with the equivalent steel version and will 
considerably increase the handling qualities of the 
airleg range of drills. In conjunction with the 50 Ib. 
class Tornado rock drill which the company intro- 
duced last year, the new Dural leg will further increase 
the high power/weight ratio obtainable with this 
combination. 


Escher Wyss Rotary Valves 


For some years Escher Wyss Limited, Zurich, have 
been manufacturing rotary valves in which both 
the casing and the rotating spherical plug have 
been entirely fabricated. In their most recent designs 
the saving of weight due to the economical use of 
materials has been carried to its logical conclusion by 
the adoption of a spherical casing in which tie usual 
horizontal flange splitting the valve for assembly has 
been eliminated. The only joint is at right angles to 
the line of flow and, as will be seen from the accom- 
panying illustration, it is not on the axis of the pivot. 
This construction saves weight and also simplifies the 
stress pattern so that all material is used to the best 
effect. 

Building a valve of this type involves the casing 
being assembled round the completed rotary plug and 
welded permanently in position, but the design is such 
that all parts liable to need repair or renewal can be 
reached and removed. 

The practice of mounting the servomotor on the 
casing has been abandoned because it subjects the 
casing to stresses that are not easily calculated, and 
the servomotor is now anchored to the floor. There is 
an increasing tendency for the servomotor to be oper- 
ated by oil, preferably from the turbine-governor oil 
pump, so that in the event of a failure in oil pressure 
the valve closes automatically. 
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To control the auxiliary valves a combined unit has 
been developed which incorporates the reversing and 
blocking valves in a single valve block. This enables 
the rotary valve to be actuated by a single control 
valve so that all operations both for opening and 
closing follow automatically. 


Remote Control by V.H.F. 


Gilmour Control Systems Limited, Abbey Road. 
Park Royal, London, are engaged in the manufacture 
of a remote control and indication system employing 
a v.h.f. radio link. The system is employed for the 
remote control and position indication of sixteen 
water pumps raising and transferring water from an 
oasis to an installation of the Qatar Petroleum Com- 
pany in the Persian Gulf. The control signalling takes 
place at 173-5 mc/s whilst indications back to the con- 
trol station are transmitted at 160-3 mc/s with two- 
way speech communication on a frequency-modulated 
channel at 167 mc/s. The control station and the con- 
trolled pumps are seven miles apart. At the present 
moment, private radio transmission between fixed 
points is not permitted by the G.P.O. but there is 
every likelihood that this will change soon and then 
it will be possible to have remote radio control of gas, 
water and electrical installations. 


Metering Equipment for Kariba 


For the Kariba hydro-electric scheme, Ferranti 
Limited have received an order worth approximately 
£47,000 for summation metering equipment compris- 
ing precision-grade integrating meters, electro- 
mechanical summators, printometer demand record- 
ers and suites of metering cubicles. These equipments 
will be used to meter six 100 MW generator sets at 
Kariba power station and also the supplies to the 
transforming stations at Kitwe, Norton, Salisbury, 
Lusaka, Sherwood and Bulawayo. 

A two-element double-disc-type 
meter will be used throughout the 
scheme, and it will be fitted with 
an Outgoing two-way impulsing 
contractor for the operation of 
electro - mechanical summators. 
The summators, in turn, will oper- 
ate Ferranti printometer demand 
recorders by impulses and they 
will also be arranged to provide 
impulses for telemetering pur- 
poses. Provision will be made for 
the measurement of import and 
export flow of both kWh and 
kVARh, and for the wattful com- 
ponent separate summators and 
printometers will be used. The 
leading and lagging reactive power 
flow, however, will be measured 
on a new development, the Fer- 
ranti bi-directional summator. 
This device is capable of differen- 
tiating between leading and lag- 
ging reactive power flow for tele- 
metering purposes. 
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Spare parts for 


compressors and engines 


interchangeable 
throughout the series 


Atlas Copco now introduce a range of V T 
compressors, all incorporating the major 
changes in design and production that 
made the VT4 so successful. The V T 
series comprises four compressors with 
capacities from 115 to 315 cfm. These new 
machines have taken power/weight ratios 
into a new dimension, being lighter and 
more compact than any other type of 
compressor, piston or rotary, in their class, 


@ All machines are TURBO-COOLED — 100% air- 
cooling—no risk of freezing or overheating 
and they work with equal efficiency anywhere 
in the world. 

@ The VT machines are the result of major 
changes in design and production methods. 
They are the only compressors with the crank- 
case, bellhousing and cylinder ducting in one 
piece welded design. 





@ Basic simplicity eliminates maintenance 
problems—local mechanics anywhere can 
service these units; the canopy is completely 
stripped in minutes; loosen three bolts and the 
complete engine-compressor unit lifts out; un- 
screw one nut and all four valves in the low 
pressure cylinder can be removed. 

@ The FUELMISER automatic speed adjuster 
means smooth running and fuel saving of up 
to 25%. 

@ Manhandling on site is a simple operation 
due to the low weight and pivoting nose wheel. 
Torsion bar suspension and built-in lifting eye 
simplify transport problems. 

@ Powered by rugged Deutz 4-stroke air- 
cooled diesel engines, backed by a world-wide 
service organisation. 

@ Both compressors and engines use the same 
type of lubricant. 

@ Fully automatic drain cocks simplify daily 
operation. 


Lao 


‘PACKAGED POWER’ 


the world’s lightest and smallest 
series of portable compressors— 
piston or rotary! 










VTs 
225 cfm. 





VT6 
315 cfm. 


Sltlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local Atlas Copco company or agent or write to: Atlas Copco AB, Stockholm 1, Sweden 
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Impulsing throughout the whole system will be at 
50 V. d.c., the maximum rate of impulsing at full 
load being 66% impulses per minute (= 2,000 impulses 
in a demand period of 30 min.). Ferranti feeder flow 
transmitters will also be employed on this scheme for 
the operation of telemetering equipments. 

The mechanical and electrical consulting engineers 
for the Kariba project are Messrs. Merz and 
McLellan. 


The Holman Hydroleg 


The versatility of the airleg as a feed-support for 
the modern lightweight rock drill needs no emphasis, 
but Hoiman Brothers Limited, Camborne, Cornwall, 
have widened its scope still further by evolving the 
Hydroleg, which functions in the same way but uses 
water pressure instead of compressed air. In some of 
the softer measures rotary drilling is preferable to per- 
cussive drilling, and in these cases it is sometimes 
convenient to use electric drills. Where electric tools 
are used a compressed-air supply is not always pro- 
vided, but pressure water is usually available for dust 
control, and this supply is ideal for operating the 
Hydroleg. 

The design of the Holman Hydroleg foilows closely 
that of the airleg. with the pressure hose being 
attached to a twist-grip valve mounted near the top 
end of the feed piston. This valve allows water to pass 
through the hollow piston rod to apply pressure be- 
neath the piston head and is capable of controlling the 
feed pressure within fine limits. To retract the Hydro- 
leg, the control valve is closed and a lever adjacent to 
the lifting handle on the cylinder is pressed, releasing 
the water through a vent in the foot of the feed cylin- 
der close to the ground. 
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The Hydroleg can be used: (a) At the rock face 
where electric drills are employed and where no com- 
pressed air is available, providing water under pres- 
sure from 60 to 150 lb. per sq. in. is at hand; and (b) 
In those circumstances where only low-pressure air is 
available. 

Two sizes of Hydroleg are manufactured, providing 
a 39 in. and 52 in. length of feed respectively. The 
overall length of the smaller unit when closed, less 
drill mount, is 57,%- in. and when fully extended is 
96;°. in. It weighs 29} Ib. The larger unit is 70;%; in. 
long when closed and 122,°- in. when fully extended, 
and weighs 39 Ib. Both sizes employ a 2 in. bore light- 
alloy cylinder and use 4 in. water hose. 


World’s Largest Straight-flow 
Valve 


The valve illustrated in the accompanying photo- 
graphic reproduction is believed to be the largest 





smooth-bore valve ever built. It is one of the five 


designed by The English Electric Co. Ltd. at Rugby 
and constructed by the Company’s associate, John 
Inglis Co. Ltd., of Canada. These valves have a 12 ft. 
internal diameter and an overall diameter of 22 ft. 
6 in. and will control the flow of water to the turbines 
now being installed at the Bersimis No. 2 station of 
the Quebec Hydro-Electric Commission. This station 
forms part of the north-shore development on the St. 
Lawrence river and will be equipped with Francis 
turbo units of 180,000 h.p. 





Percussive Drilling. In Technical Bulletin No. 36 Vic- 
tor Products (Wallsend) Limited give particulars of 
their tungsten-carbide tipped detachable bits for per- 
cussive drilling. 
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When you see a hole 


think of 


Sandvik Coromant 


SANDVIK COROMANT is today’s most widely used 
tungsten carbide tipped equipment for rock drilling. 
All over the world you will find Sandvik Coromant 
Drill Steels, Extension Steels and Detachable Bits. 
ATLAS COPCO, world’s largest company specialising 
solely in compressed air equipment, is the sales 
organisation in 90 countries of Sandvik Coromant 
products for rock drilling. For details contact your 
local Atlas Copco Company or Agent, or write to 
Atlas Copco AB, Stockholm 1, Sweden. 


SANDVIK =e 
| Le SOLD THROUGHOUT THE WORLD sy Atlas Copco | 
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Abstracts from the 
World Technical Press 


France’s First 400 kV Link 


This transmission line, recently put into service 
between the Alps and Paris, has been set up by trans- 
forming into a single line the existing 225 kV double 
line, which, at the outset, had been erected with this 
future transformation in view, investigations having 
established the fact that this solution would prove 
more flexible and, above all, more economical, than 
building 400 kV lines right away and operating them 
temporarily at 225 kV. The double 225 kV Alps-Paris 
link, carried by towers designed for 400 kV, consisted 
of six aluminium-steel 411 sq. mm. cables strung in a 
horizontal system 36 m. wide and suspended from in- 
sulator strings of 25 elements. The mechanical tension 
on the conductors was increased so as to keep the dis- 
tance between conductors and ground over 9 m. in 
spite of the elongation of the insulator strings. 
Bundled conductors are used, and contact between 
conductors of any one phase was prevented by fitting 
40 cm. spacers, hinged at both ends, at 40 m. intervals 
between the two conductors of the same bundle. As a 
matter of fact, two 400 kV conductors are attracted 
to each other on a span of 250 m. to such an extent 
that a 1,000 A current would cause cables 40 cm. 
apart to stick together. Under the conditions adopted, 
the transmission capacity of the double 225 kV line 
was raised from 350 MW to 500 MW in the single 
400 MW link, i.e. an increase of slightly over 40% 
for a voltage increase of almost 80%. The transforma- 
tion was effected under particularly profitable condi- 
tions, at a cost not exceeding 15%, of the price of a 
new line, and with a transmission capacity 30% 
higher. (Le Génie Civil, Vol. 135, No. 22, November 
15, 1958, p. 472.) 

NoTE.—The above mentioned journal also contains 
a very good description of the Ffestiniog-Blaenau 
pumped-storage plant, p. 466, 3 pp., 4 ff. 


EDF Achievements, 1957-1958 

The consumption of electric energy in France 
increases at a pace which calls about every ten years 
for a 100° increase in means of production. In re- 
cent years, this rate of increase has accelerated. as 
shown by the figures for 1947 and 1957: 27.000 and 
57.800 million kWh respectively. The evolution of 
the maximum generating capacity brought into opera- 
tion has moved on the same lines: 4,500 MW in 1947. 
10.500 MW in December 1957. To meet this steadily 
growing demand, new generating facilities must be 
put into service in accordance with the same law of 
a 100% increase in 10 years, not to mention the total 
replacement of thermal plants, the running of which 
becomes too unprofitable after an average service 
life of 30 years. From the list of EDF plants put into 
Service since January 1, 1957, it appears that within 
20 months the average annual producibility of hydro 
plants alone has increased by 1,400 million kWh, 
thanks to the addition to the equipment of an aggre- 
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gate generating capacity of 500 MW. At the present 
moment, all the plants in course of construction 
represent an aggregate additional capacity of approxi- 
mately 2,000 MW in water power (corresponding to 
a production increase of 6,000 million kWh), the 
corresponding increases in thermal and nuclear power 
being 2,000 MW and 250 MW respectively. The sur- 
vey concludes with a review of the characteristics of 
the main plants recently put into operation, Fessen- 
heim, on the Rhine, Argentat on the Dordogne and 
Grangent on the Loire being the most important of 
the hydro-electric developments. (D. Oliver Martin. 
Directeur. and J. Bouchet. Ingénieur, Equipment 
Division of EDF. Moniteur des Travaux Publics et 
du Batiment, No. 37, September 1958, 8 pp.. 2 ff.) 


An Austrian Study Tour in U'S.S.R. 

This account of the study tour made by a group of 
experts of the EVU (Elektrizitatsversorgungsunter- 
nehmen= Austrian Association of Electricity Supply 
Undertakings) at the invitation of the U.S.S.R. Minis- 
ter for Electricity Works, Dipl. Ing. Pavlenko, con- 
tains an abundance of information relatively new to 
Western Europe. The tour included stays of one week 
each in Moscow, Georgia-Armenia, and Stalingrad- 
Leningrad, concluded by two days of discussion in 
Moscow. The visitors were shown the various Moscow 
institutes and laboratories dealing with hydro-electric 
and river development, the “Mos-Energo” Institute 
with the Moscow load dispatcher and the step-down 
transformer station near Moscow which distributes 
the energy supplied at 400 kV by Kuibyshev, and 
later by Stalingrad, to the Moscow region. At the 
laboratory of the “All-Union Institute for Hydro- 
Engineering,” which has a staff of 17 professors, 11 
scientists and 298 specialised engineers, the Austrian 
experts saw model tests on 170 MW Francis turbines 
intended for China; these turbines, which are to 
operate at 125 r.p.m. under a head of 81 m., have 
runners 5°5 m. in diameter. In Georgia, they were 
shown the Khranges I and Khranges II power sta- 
tions, of which the former is called the “Georgian 
Kaprun” because its characteristics are fairly similar 
to those of the well-known Austrian power station. 
Because of the topography of its site, the Khranges 
I reservoir has not been closed by a concrete structure 
but by a 30 m. high rockfill dam, the upstream face 
of which is made impervious by a blanket of stainless 
steel. Interesting data are given about the “Hydro- 
Energo Project” organisation, which has a staff of 
several thousand, with headquarters in Moscow and 
branches in Leningrad, Kharkov, Tiflis, Erewan, 
Tashkent and other centres. Following the present 
decentralisation trend, it would appear that these 
branches are gaining in importance. The Moscow 
Planning Group “Hydroproject,” which was respons- 
ible for the Kuibyshev and Stalingrad projects, deals 
above ali with the electric development of the major 
Russian rivers, among others Yenissei and Ankara. 
As to the financing of hydro-electric developments, 
the following procedure is the rule: large-scale 
schemes are submitted to the Council of Ministers 
who, upon approval, allot the necessary funds from 
the budget through the State Bank; the Electricity 
Boards on whose territory projects are carried into 
effect act usually as the owners of the plants and 
financial trustees. Refunds of expenditure to the State 
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Portable air compression the Holman way 


Compression begins by intermeshing 
of male lobe and female groove 








Further rotation reduces air 
formation to fraction of original total 
length and pressure increases to 

final delivery of 100 Ib./sq. in. 


*V’ formation of air decreases 
in volume with rotation; pressure increases 





Rotair simple—and so much more efficient 


The Holman Rotair portable rotary screw compressor gives 
pulseless outputs up to 600 cubic feet a minute in one stage 
with a temperature rise of only 100°F above ambient. 


PULSELESS OUTPUT 

NEGLIGIBLE COMPRESSOR MAINTENANCE 
MINIMUM FRICTION 

LIGHT WEIGHT 

ONLY TWO MOVING PARTS AND FOUR BEARINGS 


HOLMAN BROS. LIMITED, CAMBORNE, ENGLAND 


A company in the Holman Group which has branches, 
technical representatives and agents throughout the —_ 





PNEUMATIC EQUIPMENT 


United Kingdom and the world. 
i H Hy Telephone: Camborne 2275 (10 lines) (» 
pays sees with its life Telegrams: Aird: ill Telex, Camborne a 
London Office: 44 Brook Street,W.1 Sc 
Telephone: HY De Park 9444 ar 
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Bank are unknown in Russia and there are no interest 
charges whatsoever, but, on the other hand, a fictive 
amortisation charge of about 2% per annum is, after 
comparative investigations, taken into account in cer- 
tain instances. Competition, as known in the West, 
does not exist in Russia. This, nevertheless, does not 
prevent construction work from being frequently pre- 
ceded by lively debating sessions between the designer 
(Energo-Project), the owner (Energo), and the con- 
tractor, that is to say the Construction Board inter- 
ested, until—following Western patterns—final prices 
are agreed upon and a contract in due form is signed. 
From the short paragraph on prices and tariffs, 
comparisons with Austrian conditions are based on 
the assumption that, in average purchasing power. 
| rouble= 1-5 Austrian schillings, so that the cost of 
the plants visited by the Austrian experts appear to be 
about the same as for Austrian schemes. An interest- 
ing point is brought out by a comparison of expendi- 
ture at Kuibyshev and Stalingrad. The cost is given 
as 7,500 million roubles for the former, and 5,500 
million roubles for the latter, exclusive of the newly 
built city and railway connections, production being 
assumed as about the same in both plants (10,000 mil- 
lion kWh p.a.). The considerably lower cost of Stalin- 
grad is explained by the benefit of the experience 
gained at Kuibyshev by the “contractors” who subse- 
quently also built Stalingrad. No indication is given 
as to the specific price of hydro-electric energy, but 
the cost price of thermal energy, assessed as usual 
without any interest charge but with an amortisation 
charge, and based on actual coal prices and an oper- 
ating year of 4,000 to 5,000 hours, is about 15 kopeks. 
As to tariffs, in Tiflis the heavy industry draws its 
energy requirements at the rate of 8 kopeks per kWh, 
while domestic users have to pay 50 kopeks. (G. 
Schloffer, Osterreichische Zeitschrift fiir Elektrizitats- 
wirtschaft, Vol. 11, December 1958, No. 12, p. 510, 


3 pp.) 


Liinersee Scheme 

This new pumped-storage plant of the Vorarlberger 
Illwerke AG., inaugurated on March 28, 1958, pre- 
sents uncommon features. The capacities given below 
are those achieved with the five generating and pump- 
ing sets at present in operation, the bracketed figures 
applying to the ultimate capacities after the addition 
of the sixth set: Installed generating capacity 224 MW 
(269 MW); installed pumping capacity 252 MW (302 
MW); effective generating capacity of turbines 190 
MW (217 MW); effective capacity of pumps 215 
MW (253 MW). Liinersee has thus advanced to the 
largest power plant in Austria and the largest high- 
head pumped-storage plant in the world. The Liiner- 
see plant plays a particularly important regulating 
function in the network to which it connects: the plant 
can change from generating to pumping in about 6 
min., no more than half that time being required for 
returning from pumping ‘to generating. Within such 
short periods, the plant is thus in a position to equalise 
a drop in effective capacity of 217+253=470 MW. 
Like the other plants of the Vorarlberg Ilwerke AG, 
Liinersee operates in co-ordination with the West 
German grid. Since construction work on-the scheme 
started in 1954, 462,000 cu. m. of earth and 48,000 
cu. m. of rock have been excavated, not to mention 
157,000 cu. m. extracted in tunnelling. The machine 
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hall is 120 m. in length, 18 m. in width and 25 m. in 
height. Vertical generating sets have been selected 
not only because they can be housed in a shorter 
building but also because the pumps can be sited 
deeper so as to achieve the inlet pressure required 
by the high speed of 750 r.p.m. (Dr. E. Denk, Vienna, 
Wasser- und Energiewirtschaft, Vol. 50, No. 12, 
December 1958, pp. 355/356, 2 ff.) 


Flow-net Construction and Application 

In this paper the author describes briefly the 
various methods of construction of flow nets, as well 
as their application to the study of seepage problems. 
The fact is stressed that the graphical process of flow- 
net construction constitutes the quickest and simplest 
method, and that once the flow net for a given prob- 
lem has been obtained, all the effects of seepage, such 
as rate of percolation, uplift pressures, safety of 
structure against undermining. etc.. can be easily 
determined from it. The application of flow nets to 
earthfill dams is only briefly indicated. and is to be 
the object of a separate paper. (R. M. Advani and 
Alam Singh, Indian Journal of Power and River 
Valley Development, Vol. VIII. No. 8, August 1958, 
p. 17, 11 pp., 16 ff.) 


Oxselvann Power Station 

This Norwegian plant harnesses the water from the 
Alfotbreen glacier on the southern bank of the Nord- 
fiord, together with those of the Alfoten river, total- 
ling 52 sq. km. in drainage area. A detailed descrip- 
tion is given of the horizontal-shaft 16,000 kVA alter- 
nator supplied to this plant by Tecnomasio Italiano 
Brown Boveri, Milano. It is driven by a 13,500 kW 
Pelton turbine. This set completes the generating 
equipment of the Okselvann power station, previously 
equipped with a 14,000 kVA alternator which, other- 
wise, has the same main characteristics as the new 
unit: 6°6 kV, 50 c.p.s., 500 r.p.m. A storage of 98-8 
million cu. m. of water is ensured by two dams, 
creating a head of 800 m. The underground power 
station measures 65 m. in length by 10-5 m. in width 
and 15-3 m. in height. (R. Costa, Rassegna Tecnica 
Tecnomasio Italiano Brown Boveri, Vol. XTX, No. 1, 
January-March 1958, pp. 23/24, 1 f. 


Floating Dumpers 

The floating dumpers described in this article have 
been used in recent years in connection with various 
kinds of hydraulic works in harbours and rivers, and 
are likely to prove a valuable addition to the con- 
struction plant of large-scale run-of-river hydro- 
electric schemes. The floating dumper consists essen- 
tially of a motor barge, boat or pontoon carrying on 
deck four, five or more hydraulically operated tipping 
tanks or troughs which dump overboard the material 
they contain at the required spot. In the two dumpers 
so far used in actual practice, dumping is done on one 
side of the craft only, whereas a new type now in 
course of construction in Germany will dump on 
either side, as required. Further designs are in course 
of development, among others a 40 ton decked barge 
carrying four tipping containers of the lorry-body 
type, and, especially for training embankments, a 
large bottom-dumping barge, 400 to 500 ton burthen, 
equipped with 6 or more 25 ton tipping troughs, the 
bottom-dumping arrangement being used for building 
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up the lower part of the wall and the tipping troughs 
for the upper part. The tipping troughs can be fitted 
or removed, according to requirements, by means of a 
crane. As in the instance of the 40 ton barge men- 
tioned above, the hydraulic tipping gear can be actu- 
ated by an independent diesel motor, or by the pro- 
pelling engine. (Harald Franke, Die Wasserwirtschaft, 
Vol. 48, No. 14, November 1958, p. 376, 4 pp., 9 ff.) 


Ukrainian Pumped-Storage Power Station 
This hydro-plant, intended to operate as a unit to- 
gether with a thermal power station of the traditional 
type, will act as a pumped-storage plant using thermal 
power at slack periods, and generate power to supple- 
ment the output of the thermal plant at peak periods. 
The water-storage section consists of an upper and of 
a lower reservoir. The head between them being 50 m. 
The pumps are driven by the nearby thermal plant 
and ensure the filling of the storage reservoir at night, 
so that water power is again available in the morning. 
(Blagirath, Vol. V, No. 1, June-July 1958, p. 71.) 


Power Resources in Chile 

Chile is rich in power resources of all kinds, in- 
cluding coal, oil, water power, and natural steam. 
These resources are briefly reviewed in this article, 
and the pattern of electricity supply in the country 
is outlined, both from a geographical standpoint and 
from that of organisation. In 1957, of the total output 
of 4,500 GWh, 52% was produced by industrial 
organisations (largely mines and heavy chemical and 
metallurgical works) for their own use; 28% was pro- 
duced by state-owned power stations; and 20% by 
privately-owned stations. Of the 4.500 GWh, 2,500 
GWh derived from hydro-electric stations, which had 
an installed capacity of 550 MW out of a total of 
1.050 MW. This production corresponded to a per 
capita output of 640 kWh, which is the highest in 
Latin America. To meet future demands, the private 
electricity-supply companies have a programme of 
development to secure the commissioning of 640 MW 
of new plant by 1957-64, this total being increased 
to 850 MW by 1965-72. New hydro-electric stations 
will include Isla (68 MW), Pullinque (49 MW), Rapel 
(260 MW, to be increased ultimately to 390 MW), 
and Aysén (4 MW). New and enlarged hydro stations 
to be owned by the state organisation (ENDESA) will 
include Las Garzas (200 MW), Abanico (300 MW) 
and Canutillar (120 MW). (Quaderni di Studi e 
Notizie, No. 284, February 1, 1959). 


Concrete in Dam Building 

This is one of the papers read on March 21, 1958, 
during the course of lectures on concrete held at 
Locarno. Proceeding from the results recorded at the 
laboratory of the Mauvoisin construction site, the 
author examines some of the factors affecting the 
quality and homogeneousness of concrete intended for 
dam building. As established at Mauvoisin by Ing. 
Enrico Mayer, an adequate combination of such fac- 
tors as mechanical strength, workability, placing, and 
evenness of composition, is imperative. The paper 
deals at the outset with the water problem, that is to 
say the proportion of water going into the mix. In 
order to ensure quality, the proportion of mixing 
water must be as low as possible, but the workability 
of the mix must be given due consideration. One of the 
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graphs appended to this paragraph shows that an ex- 
cess of water of | litre per cu. m. reduces compressive 
strength by 4 to 6 kg. per sq. cm. The author then 
reviews the morphology of aggregates, especially 
sand, their natural moisture content, the modifica- 
tions occurring in granular composition while aggre- 
gates are being washed and sorted, the influence of 
dust on concrete quality, the optimum proportion of 
sand, concrete segregation in the course of handling. 
and optimum granular composition. Particular stress 
is laid in a separate paragraph on construction joints, 
to which special attention was devoted at Mauvoisin 
(WATER Power, September 1958, p. 361). (O. Ram- 
bert, Assistant Manager, Electro-Watt S.A., Zurich, 
Schweizerische Bauzeitung, Vol. 76, No. 42, October 
18, 1958, p. 617. 8 pp., 26 ff. and graphs.) 


Indian Developments 

The undermentioned journal commemorates the 
fourth anniversary of its foundation with a special 
issue which contains the following articles of water- 
power interest: “Water Resources Development in 
East Asia,” by Kanwar Sain; “Power in the Second 
Five-Year Plan,” by M. Hayath; “Masonry Proved 
for Big Dams,” by M. S. Thirumale Iyengar; “More 
Irrigation from Power,” by A. P. Seethapathy; “Hy- 
draulic Research in Second Plan,” by N. S. Govinda 
Rao; “Gate Manufacture in India,” by George 
Oommen. Impressive colour photographs of the latest 
river valley projects carried into effect in India are 
appeiided in a double-page supplement. (Blagirath, 
Vol. V, No. 1, June-July 1958, 76 pp., 55 ff.) 


Harnessing Swiss Water Resources 

A general survey of the utilisation of the economic- 
ally developable water resources available in Switzer- 
land. The authors discuss at the outset the importance 
of water power within the frame of the Swiss energy 
supply system and the general economy of the coun- 
try. and the protection of the natural beauty of the 
landscape. Energy production and the evolution of 
requirements are then dealt with. This is followed by 
a review of the developments now in operation, in 
progress, or still at the project stage, separate para- 
graphs being devoted to the cantons and regions most 
important from the aspect of power supply. The 
second instalment of the article is devoted to the 
development of the Inn River and its tributaries. (Dr. 
Osterhaus, F. Chavez and H. Miller, Schweizerische 
Bauzeitung. Vol. 76; No. 45, November 8, 1958, p. 
665, 10 pp.; No. 46, November 15, 1958, p. 685, 8 pp.: 
15 ff.) 


CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month’s issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted a: £2 10s. Od. per 
column inch. 


SHOT BLASTING and Metal Spraying in situ by the 
“on-site” experts. Anything, anywhere, at competitive rates. 

Darnall Shot Blasting Co. Ltd., Doctor Lane, Sheffield, 9. 
Tel. 42896. 
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SIXTEEN 105,000 HP DOMINION FRANCIS TURBINES |NSTALLED 
AT SIR ADAM BECK-NIAGARA GENERATING STATION No. 2 FOR THE 
HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO. 


DESIGNED AND MANUFACTURED BY 


DOMINION ENGINEERING 


COMPANY LIMITED 
P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS 


WATER POWER April 1959 











HELICOPTER 
SALES 
LTD. 


(Contractors to H.M. Govt.) 


Can Advise YOU and Supply The Helicopter 


YOU NEED 
FROM THE 
HEAVIEST 
Westland Westminster 
HEAVY 


WESTLAND WESSEX 
MEDIUM HEAVY 
WESTLAND WHIRLWIND 
MEDIUM 
Westland Widgeon 


* LIGHT 
SUD-AVIATION ALOUETTE II 


* LIGHTER 
HILLER U.H. 12E (H23D) 


* ULTRA-LIGHT 
SUD - AVIATION DJINN 
TO THE 
* LIGHTEST 
Hiller-XROE-1 Rotorcycle 


(*—Sole Agents U.K.) 


Specialist Advisers on the use of Helicopters for Aerial 
Crane and Construction Work. Suitable Aircraft always 
available for world wide charter. 


2 LOWNDES STREET 
LONDON, S.W.I 


Telephone BELGRAVIA 6477 
Cables - - - - - Helicopter, London 
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Racks and 
Rack Cleaning Machines 


for 


HYDRO-ELECTRIC POWER PLANTS 
WATER PURIFICATION PLANTS 


PUMPING STATIONS 


ENGINEERING WORKS 


JONNERETS.A. 


GENEVA (JUNCTION) SWITZERLAND 
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ANOTHER 


MAJOR FOUNDATION PROBLEM 
SOLVED BY INTERNATIONAL ENGINEERING... 





An important railroad trestle crossing, stretching 13 
miles across America’s Great Salt Lake, presented many 
problems. 


Was the timber trestle construction efficient enough 
to afford minimum maintenance and permit full-speed 
train operation? 


Would the sediments in the lake bottom support a 
rock fill embankment? 


The International Engineering Company was called 
on for the answers. By extensive field and laboratory soil 
investigations, seismic refraction surveys, and feasibility 
studies, they established that rock fill construction had 
significant advantages over rehabilitation of the existing 
timber trestle. Later they developed the rock fill design 


INTERNATIONAL ENGINEERING COMPANY, INC. 


4 New Montgomery Street * San Francisco, California, U.S.A. 
A subsidiary of Morrison-xavdsen Company, Inc. 
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... prepared construction plans and specifications and 
provided cost estimates. 


Result: another complex project successfully launch- 
ed by International Engineering! 


SERVING DESIGN & ENGINEERING NEEDS WORLDWIDE WITH 


e Reconnaissance and Surveys 

e Preliminary Analyses and Evaluation 

e Estimates, Financing Plans and Project Recommendations 
e Design Drawings and Construction Specifications 

e Analysis of Bids and Bid Recommendations 

e Detailed Construction Drawings 

e General Engineering Supervision 


e Final Reports and Record Drawings 


For a complimentary 
copy of our 16-page illustrated 
brochure, write to Dept. J.2. 
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ELECTRICAL 
CONTROL 


PENS TOCKSS 


AND 


VALVES 








SIZES 
UP TO 


100 sq ft 


Circular 
or 
Rectangular 





with 
HARTLEYS 


“VALECTRIC”’ 


HEADSTOCKS 





USED BY LEADING 
AUTHORITIES 


including 


C.E.A. « L.€.C. 


LOCAL 
or 
REMOTE 
CONTROL 


» Ss 


TRADE bd 


“5 7S 
RPLE YS: 27D. 








HELICOPTER HIRE 
WORLDWIDE SERVICE 





Men or Materials 
Move Fast by Helicopter 


AUTAIR LTD. 


75 WIGMORE STREET 
LONDON, W.I. 
Tel.: WELbeck 1131 


P.O. BOX 1146 P.O. BOX 9090 
KITWE CALCUTTA 
N. RHODESIA INDIA 














Phone: Stoke-on-Trent 48627 











KAPLAN, IMPULSE & 


FRANCIS TURBINES 


up to about 3,000 h.p. and 

other machinery such as governors, 
gear mechanisms, screens, trashrakes, 
conduits and shut-off valves, etc., 


are manufactured, in the traditionally high 
quality of the Black Forest, by: 


MASCHINENFABRIK EDUARD RUCH 


OBERKIRCH 2 BADEN GERMANY 
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Stone & Webster Engineering Corp. is design- 
lay-@e- Jaleo morelal-iea0londial-amdal-me aii le), MCll-1a Me oat - lal ae) 
St. Gabriel, La. on the Mississippi River for 
Gulf States Utilities Co. 





Flexibility and efficiency make Allis-Chalmers 
adjustable-blade pumps choice for Willow Glen 


Two 30-inch Allis-Chalmers adjustable-blade axial 
flow pumps will be installed to provide condenser 
water for Unit #1 at the new Willow Glen Power 
Station. To meet requirements at minimum river 
level, with water temperatures that vary between 
39°F and 90°F, the pumps are designed to deliver 
a total of 76,000 gpm against a 54-foot total head. 


pump is operating at constant speed. This adjust- 
ability keeps pumping 
costs at a minimum by 
combining low starting 
torque with high average 
efficiency. 


Pump Bulletin 165 will 
give you complete infor- 
mation on high capacity 
axial flow pumps. To get 
your copy, write to Allis- 
Chalmers Manufacturing 
Co., Hydraulic Division, 
York, Penna. 


Extreme variation of suction pool elevation and 
the flexible condenser operation required for this 
station made adjustable-blade pumps the logical 
and economical choice, A-C adjustable-blade pumps 
attain relatively high efficiencies over a wide dis- 
charge and head range. This is accomplished by 
varying the pitch of the impeller blades while the 








RESEARCH DESIGN 


J all Hydraulic Turbines & Accessories « Pumps e¢ Liquid Heaters 
Hydraulic Division HYDRODYNAMICS 


Rotovalves e¢ Ball Valves ¢ Butterfly Valves « 
ENGINEERING FABRICATION 











Free-Discharge Valves 


> ALLIS-CHALMERS 
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EXTENSIVE HIRE FLEET 
DEPOTS AT LONDON 
LONDON OFFICE: FINSBURY PAVEMENT HOUSE, 


the finest 


DERRIGK GRANES 


One Derrick Crane may look the same as another— 
from a distance. At close quarters the differences are 
astounding. The cabin interior, alone, clearly estab- 
lishes ANDERSON design and construction to be 
supreme. The clean, compact gearing, built on 
unique unit principles, guarantees mechanical effi- 
ciency and reliability—and ensures lowest erection 
and operating costs. The driver’s panoramic visibility, 
centralised easy control and comfort have to be seen to 
be believed. High performance and safety are spon- 
taneous—a banksman often superfluous. 


These and other exclusive features explain why in- 
dependent examiners are so impressed, and more and 
more users specify ANDERSON only. 


OF MODERN CRANES 
and BIRMINGHAM 


120 MOORGATE, E.C.2. Ter.: MONarch 4629 


GRAMS: 


TEL. : — a ' or ” 
CARNOUSTIE THE ANDERS N-<SRICE co: LTD. ** DIAMOND ” 





2214/5 [TAYMOUTH ENGINEERING WORKS - CARNOUSTIE - SCOTLAND || CARNOUSTIE 





ANDERSON 
































WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


PRESSURE RECORDERS, ETc. 
backed by over 20 years’ experience in this 
can be supplied for local or remote operation. 


The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 








Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 


at Dams and in Surge Shafts for all depths and conditions. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 





specialised field 
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The more difficult the conditions the greater 


the saving afforded by the use of helicopters 


for the survey, construction and maintenance 


of transmission towers and lines. 


Helicopter Services Ltd. 


96, Piccadilly, 
London, W.1. 
GROvenor 5495/6 
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STRIPS 








SECTIONS 





the 


best raw material 





for 


the best electrical equipment 
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EFREDERICK SMITH & COMPANY 
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BARS 











ANACONDA WORKS 


SALFORD 3 


Anacos products of copper and copper 
alloy in bare form for all electrical appli- 
cations. Wire in all sizes and diameters, 
rods and bars for machining purposes, 
strips for blanking and cold drawing and 
strand for cables and overhead lines. 





LANCS 
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Complete hydro-electric plants 











Assembly at works of an 11.150 kW Francis 
turbine for Pilmaiquen Power Station of Messrs 
Endesa, Santiago (Chile) 


Wheel of a 35 200 kW Pelton turbine for 


Lanzada Power station of Soc Vizzola - Milan 





Wheel of a 35.750 kW Kaplan turbine for Yoos 
Persenberg Power.-station of Osterreichiscne 
Donaukrattwerke. Wien 
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The Ponte Novo 150k V air-blast switching station on the River Navea, 
projected by the Spanish Power Company, Saltos del Sil, S.A. 


equipped with 
high voltage air-blast circuit-breakers 


ENGLISH ELECTRIC’ 


THe ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.a 
Switchgear Department, Stafford = 
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